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Description 



The present invention relates to novel amine compounds useful as hole-transporting materials to be incorporated 
in organic electro-luminescence devices. Furthermore, the present invention relates to an organic electro-luminescence 
device (organic EL device) which can find wide application in various display units, requires a low applied voltage and 
exhibits a high luminance and an excellent stability. 

BACKGROUND OF THE INVENTION 

Since an electro-luminescence device can emit light itself, it is capable of providing a brighter and sharper display 
than liquid crystal device. Thus, the electro-luminescence device has long been studied by many scholars. Hitherto, 
an electro-luminescence device comprising an inorganic material ZnS has been made practicable. However, such an 
inorganic electro-luminescence device requires an applied voltage of not lower than 200 V to emit light and thus cannot 
find wide application. 

On the other hand, the organic electro-luminescence device comprising an organic material, though having here- 
tofore been far from practicable, can enjoy rapid progress in its properties made by a laminated structure developed 
by C. W. Tang et al. of Kodak Corporation in 1987. They developed a laminate of an organic fluorescent substance, 
an organic material capable of transporting carriers (carrier transporting layer) and an electrode. Both holes and elec- 
trons injected from the respective electrodes were injected into the fluorescent substance, resulting in a successful 
emission of light. Thus, the light emission efficiency of the organic EL device was enhanced. Many scholars have made 
studies to enhance the properties of organic EL device, and at present, a luminescence of not lower than 10,000 cd/ 
m 2 can be obtained. 

As the organic fluorescent substance which can be used for an organic EL device having a laminate structure 
there has been used a fluorescent organic dye such as tris-8-quinolinbl aluminum complex (Alq) and coumarin. As the 
carrier-transporting material there have been studied various compounds well known as organic materials for electro- 
photographic photoreceptor. Examples of such compounds include diamine compounds such as N,N'-di(m-tolyl)-N N'- 
diphenylbenzidine (TPD) and 1 ,1-bis[N,N<ii(p-tolyl)aminophenyl]cyclohexane (TPAC), and hydrazone compounds 
such as 4-(N,N-diphenyl)aminobenzaldehyde-N,N-diphenylhydrazone. Further, porphyrin compounds such as copper 
phthalocyanine may be used. 

The basic luminescence of such an organic EL device is high enough to make the product practicable. The im- 
practicability of the organic EL device is mainly responsible for (1) the lack of stability luminescence on operation, and 
(2) the lack of storage stability. The deterioration in operation as used herein means the drop of luminance, occurrence 
of a region which emits no light, i.e., dark spot, or destruction due to device shortcircuit during operation where an 
electric current is applied to the device. The storage stability as used herein means the stability of luminescence during 
& the storage of the device. 

In order to eliminate these difficulties of organic EL devices in luminescence stability and storage stability, the 
inventors have made studies of the mechanism of deterioration of organic EL devices. As a result, it was found that 
the deterioration of the properties of organic EL devices is mainly responsible for the properties of a carrier-transporting 
layer. In some detail, it was found that a commonly used hole-transporting material such as those described above (1) 
crystallizes due to moisture, temperature or current to give unevenly shaped thin film, (2) denatures with the passage 
of current, or (3) deteriorates its adhesive property to a substrate and a light-emitting layer, causing a remarkable 
deterioration of the luminescence of the organic EL device. 

US-4,833,054 describes an electrophotographic photoreceptor comprising an electrically conductive support car- 
rying a photosensitive layer which in turn is composed of a charge generating layer and a charge transport layer. The 
charge generating layer contains a bisazo compound and the charge transport layer contains a benzidine compound 
which is similar to those represented by the general formula (I) present in the electroJuminescene devices of the 
present invention. 

US-4,588,666 discloses photoconductive imaging members comprising alkoxy amine charge transport molecules 
which are alkoxy derivatives of tetra-phenyl biphenyl diamine, similar to those described by the general formula (I) 
so herein below. 

US-4,720,432 concerns an electroluminescent device comprising in sequence an anode, an organic hole injecting 
and transporting zone, an organic electron injecting and transporting zone and a cathode. The organic hole injecting 
and transporting zone comprises a layer containing a hole injecting porphyrinic compound and a layer containing a 
hole transporting aromatic tertiary amine. Among the amines described in this document, tetra^aryl diamine derivatives 
55 of aromatic ring systems, such as phenylene tetra-aryl diamine pheneline derivatives are preferred. 

JP-A-2 234 394 describes an electrode for an organic electro luminescence element comprising a metal boride 
cathode. As electron transporting material N.N'^iphenyl N,N , di(3-methylphenyl) 4,4' diaminobiphenyl is used. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a novel amine compound useful as a hole-transporting 
material which can realize an organic electro-luminescence device excellent in luminescence stability and storage 
5 stability. 

Such a hole-transporting material is required to: 

(1) have an excellent capability of transporting holes; 

(2) be thermally stable to maintain a stable glass state; 
10 (3) be able to form a thin film; 

(4) be electrically and chemically stable. 

It is another object of the present invention to provide an organic EL device excellent in luminescence stability and 
storage stability using such a hole-transporting material. 
is These and other objects of the present invention will become more apparent from the following detailed description 

and examples. 

The foregoing objects of the present invention are accomplished with amine compounds represented by the fol- 
lowing formulae (II) to (V): 

20 



25 



30 




wherein R 21 , and R 23 may be the same or different and each represent a hydrogen atom, a lower alkyl group, a 
lower alkoxy group, an unsubstituted phenyl group, or a phenyl group having a lower alkyl group or a lower alkoxy 
group as a substituent(s); R 24 represents a hydrogen atom, a lower alkyl group (preferably a methyl group), a lower 
alkoxy group (preferably a methoxy group) or a chlorine atom; and represents a group represented by any one of 
40 the following structural formulae (a1 ) to (i1); 
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5 




(in which R 25 represents a hydrogen atom, a lower alkyl group (preferably a methyl group), a lower alkoxy group 
(preferably a methoxy group) or a chlorine atom): 




(in) 



30 



wherein R 31 , R 32 and R 33 may be the same or different and each represent a hydrogen atom, a lower alkyl group, a 
lower alkoxy group, an unsubstituted phenyl group, or a phenyl group having a lower alkyl group or a lower alkoxy 
group as a substituent(s); R34 represents a hydrogen atom, a lower alkyl group (preferably a methyl group), a lower 
35 alkoxy group (preferably a methoxy group) or a chlorine atom; and Ag represents a group represented by any one of 
the following formulae (j1 ) to (n1 ); 



40 




so 
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wherein R 41 and R 42 may be the same or different and each represent a hydrogen atom, a lower a Iky I group, a lower 
alkoxy group, an unsubstituted phenyl group, or a phenyl group having a lower alkyl group or a lower alkoxy group as 
a substituent(s); represents a hydrogen atom, a lower alkyl group (preferably a methyl group), a lower alkoxy group 
(preferably a methoxy group) or a chlorine atom; and A3 represents a group represented by any one of the following 
5 structural formulae (a2) to (i2): 
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[LTo?^ 44 T 6SGntS 8 ^ dr ° 9en at ° m ' 3 ,OWer a,kyl 9rOUp (P referab| y a methyl group), a lower alkoxy group 
(preferably a methoxy group) or a chlorine atom): H 
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R 33 R 53 
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(V) 



55 



wherem R S1 and R S2 may be the same or different and each represent a hydrogen atom, a lower alkyl group a lower 
alkoxy group an unsubstituted phenyl group, or a phenyl group having a lower alkyl group or a lower alkoxy group as 
a subst.tuent(s); represents a hydrogen atom, a lower alkyl group (preferably a methyl group), a lower alkoxy group 

KStnSS^" a chlorine atom: and represen,s a 9roup represented by any 009 of the tol,owin9 
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The objects of the present Invention are also accomplished with an electro-luminescence device comprising at 
least one of the compounds represented by the above-described formulae (II) to (V) and the following formula (I) and 
(VI): 



40 



45 




(i) 



SO 



55 



wherein and R 12 may be the same or different and each represent a hydrogen atom, a lower alky I group, a lower 
alkoxy group, an unsubstituted phenyl group, or a phenyl group having a lower alky I group or a lower alkoxy group as 
a substituent(s), with the proviso that at least one of R n and R 12 is a normal butyl group, an isobutyl group, a secondary 
butyl group, a tertiary butyl group, a phenyl group, or a phenyl group having a lower alkyl group or a lower alkoxy group; 
and R 13 represents a hydrogen atom, a lower alkyl group (preferably a methyl group), a lower alkoxy group (preferably 
a methoxy group) or a chlorine atom; 
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(VI) 



wherein R 61 and R 62 may be the same or different and each represent a hydrogen atom, a lower alkyl group a lower 
alkoxy group, an unsubstituted phenyl group, or a phenyl group having a lower alkyf group or a lower alkoxy group as 
a substrtuent(s); and represents a hydrogen atom, a lower alkyl group (preferably a methyl group), a lower alkoxy 
group (preferably a methoxy group) or a chlorine atom. 



The terms "lower alkyl group" and "lower alkoxy group" as used herein mean 
group", respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 



i alkyl group" and "O,^ alkoxy 



By way of example and to make the description more clear, reference is made to the accompanying drawings in 
which: 



Fig. 1 shows IR spectrum of N.N'-bisfp-normalbutylphenyO-N.N'-diphenylbenzidine; 
Fig. 2 shows IR spectrum of N,N'-bis(p-isobutylphenyl)-N,N , -diphenylbenzidine; 
Fig. 3 shows IR spectrum of N.N'-bisfp-tertiarybutylphenyO-N.N'-diphenylbenzidine; 
Fig. 4 shows IR spectrum of N,N,N\NMetrakis(p-tertiarybutylphenyl)benzidine; 

Fig. 5 shows the infrared absorption spectrum of N,N , -bis(4'-diphenylamino-4-biphenylyl)-N,N'-diphenylbenzidine- 
Fig. 6 shows the infrared absorption spectrum of N^'-bist^S'-dimethyM'-diphenylamino^-biphenylvD-N N'- 
diphenylbenzidine; - 77/. 

dohexane WS ^ infr8red absorption s P ect ™m of 1,1-bis[p-[N-(4'-diphenylamino-4.bjphenylyl)anilino]phenyl] cy- 

Fig. 8 shows the infrared absorption spectrum of 1 , 1 -bis[p-[N-(4'<Jiphenylamino-3,3'-dimethyM-biphenylyl) anilinol 
phenyl] cyclohexane; J 

ether and ^ ^ ******** absorption s P ectru ™ of 4,4'-bis(4'-diphenylamino-4-biphenylylanilinino)-1 ,1'-diphenyl 
Fig. 10 shows the configuration of an embodiment of the organic EL device according to the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be further described hereinafter. 

The synthesis of the amine compound represented by formula (I) can be accomplished by the condensation re- 
action of the corresponding 4,4'ndihalogenated biphenyl with the corresponding diphenylamine compound or the con- 
densation reaction of the corresponding benzidine compound with the corresponding halogenated aryl. The conden- 
sation reaction is known as Ullmann reaction. 
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For example, an aniline compound represented by the following formula: 



10 wherein R n is as defined above is N-acetylated to obtain an anilide compound which is then acted upon by a halo- 
genated aryl represented by the following formula: 



15 



20 wherein R 12 is as defined above; and X A represents a chlorine, bromine or iodine atom to undergo condensation 
reaction. The reaction product is then hydrolyzed to obtain a diphenylamine compound represented by the following 
formula: 



25 



30 



35 



40 



45 



SO 





NH 



wherein R t1 and R 12 are as defined above. The diphenylamine compound thus obtained is then allowed to undergo 
condensation reaction with 4,4'-dihalogenated biphenyl represented by the following formula: 




wherein R 13 and X A are as defined above, with the proviso that R 13 and X, are not chlorine atoms at the same time, 
to obtain an amine compound according to the present invention. 
If an amine compound represented by the following formula: 



55 




wherein R 13 is as defined above is used as a starting material, it is acetylated to obtain an N.N'-diacetyl compound 
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which is then acted upon by a halogenated aryl represented by the following formula: 



wherein R„ and X 1 are as defined above. The reaction product is then hydrolyzed. The resulting hydrolyzate is then 
acted upon by a halogenated aryl represented by the following formula: 



^2 




wherein R 12 and X, are as defined above to undergo condensation reaction to obtain an amine compound of formula (I) 
Specific examples of the compound of formula (I) will be given below. 
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sec-Bu sec-Bu 



The amine compound of formula (I ) can easily form and stably maintain a glass state and is thermally and chemically 
stable. Thus, the amine compound is extremely useful as a hole-transporting material to be incorporated in organic 
electro-luminescence devices. 

The synthesis of the amine compound of formula (I) will be further described in the following synthesis examples. 

SYNTHESIS EXAMPLE 1 

95.0 g (0.64 mol) of p-normalbutylaniline was dissolved in 170 m€ of glacial acetic acid. 81 .3 g (0.80 mol) of acetic 
anhydride was then added dropwise to the solution at a temperature of 30 °C. After the completion of dropwise addition, 
the reaction mixture was then allowed to undergo reaction at a temperature of 40 °C for 1 hour. The reaction solution 
was then poured into 600 m€ of water. The resulting crystal was filtered off, washed with water, and then dried. The 
crystal thus obtained was then recrystallized from a mixture of 120 m€ of toluene and 1 ,000 m€ of n-hexane to obtain 
117.5 g (yield: 96.4 %) of p-normalbutylacetanilide. The melting point of the crystal was from 105.5 °C to 106.0 °C. 

20. 1 g (0. 1 1 mol) of p-normalbutylacetanilide th us obtained, 24.8 g (0. 1 6 mol) of bromobenzene, 1 9.4 g (0. 1 4 mol) 
of anhydrous potassium carbonate, and 0.96 g (0.015 mol) of copper powder were mixed. The reaction mixture was 
then allowed to undergo reaction at a temperature of 160 °C to 220 °C for 10 hours. The reaction product was then 
extracted with 100 m€ of toluene. The insoluble contents were removed by filtration. The filtrate was then concentrated 
to dryness. The concentrate was then dissolved in 30 m€ of isoamyl alcohol. The material was then hydrolyzed with 
3.8 g of water and 13.2 g (0.2 mol) of 85 % potassium hydroxide at a temperature of 131 °C. The material was then 
subjected to steam distillation to distill off isoamyl alcohol and excess bromobenzene. The residue was extracted with 
140 m€ of toluene, washed with water, and then concentrated to dryness. The concentrate was then dried to obtain 
21 .1 g (yield: 89.4 %) of N-phenyl-p-normalbutylaniline. 

21.1 g (0.094 mol) of N-phenyl-p-normalbutylaniline, 15.4 g (0.038 mol) of 4,4'-diiodobiphenyl, 15.7 g (0.11 mol) 
of anhydrous potassium carbonate, and 1 . 1 g (0.01 7 mol) of copper powder were mixed. The mixture was then allowed 
to undergo reaction at a temperature of 170 to 220 °C for 27 hours. The reaction product was then extracted with 140 
m€ of toluene. The insoluble contents were removed by filtration. The filtrate was then concentrated to obtain an oily 
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material. The crude product thus obtained was then purified by column chromatography (carrier: silica gel; elute: 1/5 
mixture of toluene and n-hexane) to obtain 13.4 g (yield: 58.6 %) of N.N'-bisfp-normalbutylphenyO-N.N'-diphenylben- 
zidine. The melting point of the product was from 135.0 °C to 135.5 °C. 

5 SYNTHESIS EXAMPLE 2 

70.0 g (0.47 mol) of p-isobutylaniline was dissolved in 126 m€ of glacial acetic acid. 59.9 g (0.58 mol) of acetic 
anhydride was then added dropwise to the solution at a temperature of 30 °C. After the completion of dropwise addition, 
the reaction mixture was then allowed to undergo reaction at a temperature of 40 °C for 1 hour. The reaction solution 

10 was then poured into 500 mi of water. The resulting crystal was filtered off, washed with water, and then dried. The 
crystal thus obtained was then recrystallized from a mixture of 140 mi of toluene and 700 mi of n-hexane to obtain 
60.4 g (yield: 67.3 %) of p-isobutylacetanilide. The melting point of the crystal was from 124.5 °C to 125.0 °C. 

17.9 g (0.094 mol) of p-isobutylacetanilide thus obtained, 22.1 g (0.14 mol) of bromobenzene, 16.9 g (0.12 mol) 
of anhydrous potassium carbonate, and 0.89 g (0.014 mol) of copper powder were mixed. The reaction mixture was 

is then allowed to undergo reaction at a temperature of 168 °C to 217 °C for 14 hours. The reaction product was then 
extracted with 100 mi of toluene. The insoluble contents were removed by filtration. The filtrate was then concentrated 
to dryness. The concentrate was then dissolved in 30 mi of isoamyl alcohol. The material was then hydrolyzed with 
3.4 g of water and 11 .8 g (0.18 mol) of 85 % potassium hydroxide at a temperature of 1 31 °C. The material was then 
subjected to steam distillation to distill off isoamyl alcohol and excess bromobenzene. The residue was extracted with 

20 120 mi of toluene, washed with water, and then concentrated to dryness. The concentrate was then dried to obtain 
17.6 g (yield: 86.8 %) of N-phenyl-p-isobutylaniline. 

17.6 g (0.078 mol) of N-phenyl-p-isobutylaniline, 12.6 g (0.031 mol) of 4, 4'-diiodobi phenyl, 12.9 g (0.093 mol) of 
anhydrous potassium carbonate, and 0.89 g (0.014 mol) of copper powder were mixed. The mixture was then allowed 
to undergo reaction at a temperature of 190 to 220 °C for 12 hours. The reaction product was then extracted with 70 

2S m€ of toluene. The insoluble contents were removed by filtration. The filtrate was then concentrated to obtain an oily 
material. The crude product thus obtained was then purified by column chromatography (carrier: silica gel; elute: 1/6 
mixture of toluene and n-hexane) to obtain B.5 g (yield: 45.7 %) of N.N'-bisfp-isobutylphenyO-N.N'-diphenylbenzidine. 
The melting point of the product was from 1 33.8 °C to 1 35.3 °C. 

30 SYNTHESIS EXAMPLE 3 

8.2 g (0.061 mol) of acetanilide, 1 9.2 g (0.090 mol) of p-tertiarybutylbromobenzene, 9.95 g (0.072 mol) of anhydrous 
potassium carbonate, and 0.50 g (0.008 mol) of copper powder were mixed. The reaction mixture was then allowed 
to undergo reaction at a temperature of 190 °C to 203 °C for 23 hours. The reaction product was then extracted with 

35 75 m€ of toluene. The insoluble contents were removed by filtration. The filtrate was then concentrated to dryness. 
The concentrate was then dissolved in 30 mi of isoamyl alcohol. The material was then hydrolyzed with 1.1 g of water 
and 7.9 g (0.12 mol) of 85 % potassium hydroxide at a temperature of 125 °C. The material was then subjected to 
steam distillation to distill off isoamyl alcohol and excess p-tertiarybutylbromobenzene. The residue was extracted with 
80 mi of toluene, washed with water, and then concentrated to dryness. The concentrate was then recrystallized from 

40 100 mi of n-hexane to obtain 8.1 g (yield: 58.9 %) of N-phenyl-p-tertiarybutylaniline. 

8.1 g (0.036 mol) of N-phenyl-p-tertiarybutylaniline, 7.3 g (0.018 mol) of 4,4'-diiodobiphenyl, 7.5 g (0.054 mol) of 
anhydrous potassium carbonate, and 0.53 g (0.008 mol) of copper powder were mixed. The mixture was then allowed 
to undergo reaction at a temperature of 210 to 225 °C for 12 hours. The reaction product was then extracted with 70 
mi of toluene. The insoluble contents were removed by filtration. The filtrate was then concentrated to obtain an oily 

45 material. The crude product thus obtained was then purified by column chromatography (carrier: silica gel; elute: 1/4 
mixture of toluene and n-hexane) to obtain 4.5 g (yield: 41 .7 %) of N.N'-bisfp-tertiarybutylphenylJ-N.N'-diphenylbenzi- 
dine. The melting point of the product was from 232.2 °C to 232.6 °C. 

SYNTHESIS EXAMPLE 4 

so 

10.6 g (0.071 mol) of p-tertiarybutylaniline was dissolved in 19 mi of glacial acetic acid. 8.0 g (0.078 mol) of acetic 
anhydride was then added dropwise to the solution at a temperature of 30 °C. After the completion of dropwise addition, 
the reaction mixture was then allowed to undergo reaction at a temperature of 40 °C for 3 hours. The reaction solution 
was then poured into 200 mi of water. The resulting crystal was filtered off, washed with water, and then dried to obtain 
55 13.5 g (yield: 99.9 %) of p-tertiarybutylacetanilide. The melting point of the crystal was from 172.5 °C to 173.5 °C. 

13.5 g (0.071 mol) of p-tertiarybutylacetanilide thus obtained, 19.6 g (0.092 mol) of p-teriarybutylbromobenzene, 
11.8 g (0.085 mol) of anhydrous potassium carbonate, and 0.58 g (0.009 mol) of copper powder were mixed. The 
reaction mixture was then allowed to undergo reaction at a temperature of 215 °C to 225 °C for 1 9 hours. The reaction 
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product was then extracted with 200 m€ of toluene. The insoluble contents were removed by filtration. The filtrate was 
then concentrated. To the concentrate was then added 60 m€ of n-hexane to obtain a crystal. The crystal thus obtained 
was then dissolved in 50 m€ of isoamyl alcohol. The material was then hydrolyzed with 1.9 g of water and 6.2 g (0.15 
mol) of 93 % potassium hydroxide at a temperature of 131 °C. The material was then subjected to steam distillation 
to distill off isoamyl alcohol and excess p-tertiarybutylbromobenzene. The residue was extracted with 1 20 m€ of toluene, 
washed with water, and then concentrated to dryness. The concentrate was then dried to obtain 15.1 g (yield: 99.4 %) 
of 4,4'-ditertiarybutyl-N,N-diphenylamine. 

13.4 g (0.048 mol) of 4,4 , -drtertiarybutyl-N,N-diphenylamtne, 7.7 g (0.019 mol) of 4,4'-diiodobiphenyl, 7.7 g (0.056 
mol) of anhydrous potassium carbonate, 0.53 g (0.008 mol) of copper powder, and 5 m€ of nitrobenzene were mixed. 
The reaction mixture was then allowed to undergo reaction at a temperature of 200 to 21 5 °C for 4 hours. The reaction 
product was then extracted with 100 m€ of THF. The insoluble contents were removed by filtration. The filtrate was 
then concentrated to obtain a crystal. The crude crystal thus obtained was then purified by column chromatography 
(carrier: silica gel; elute: 1/2 mixture of toluene and n-hexane) to obtain 4.3 g (yield: 31.7 %) of N.N.rN^N'-tetrakisfp- 
tertiarybutylphenyl)benzidine. The melting point of the product was from 402.0 °C to 403.0 °C. 

Figs. 1 to 4 show the infrared absorption spectra of the compounds obtained in Synthesis Examples 1 to 4, re- 
spectively. The infrared absorption spectra were determined by KBr tablet process by means of IR-700 available from 
Nihon Bunko Kogyo K.K. 

The results of elementary analysis of the compounds obtained in Synthesis Examples 1 to 4 are set forth in Table 1 . 



Table 1 



Synthesis Example No. 


Elementary Analysis (Measured/calculated) 


C (%) 


H (%) 


N (%) 


1 


87.93/87.96 


7.45/7.38 


4.57/4.66 


2 


87.77/87.96 


7.43/7.38 


4.51/4.66 


3 


87.81/87.96 


7.42/7.38 


4.67/4.66 


4 


87.53/87.59 


8.55/8.48 


3.76/3.93 



The amine compound represented by formula (II) is a novel compound. The synthesis of the amine compound 
can be accomplished by hydrolyzing the product of the condensation reaction of the corresponding triphenylbenzidine 
compound with the corresponding dihalogenated compound or the condensation reaction of the corresponding N,N'- 
diacetylated diamino compound with the corresponding 4-halogenated biphenylacetanilide compound, and then sub- 
jecting the hydrolyzate to condensation reaction with the corresponding halogenated aryl. The condensation reaction 
is known as Ullmann reaction. 

For example, a 4,4'-dihalogenated biphenyl compound represented by the following formula: 




wherein R 24 is as defined above; and X 2 represents a chlorine atom, bromine atom or iodine atom, with the proviso 
that R 24 and X 2 are not chlorine atoms at the same time, is condensed with an anilide compound represented by the 
following formula: 




wherein R 21 is as defined above in the same molar quantity, to obtain a 4' -halogenated biphenylacetanilide compound 
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represented by the following formula: 



5 




10 

wherein R 21 , R 24 and X 2 are as defined above, with the proviso that R24 and X 2 are not chlorine atoms at the same 
time. The 4'-halogenated biphenylacetanilide compound thus obtained is then condensed with a diphenylamine com- 
pound represented by the following formula: 

15 



20 



25 




wherein R 22 and ^23 are as defined above. The condensation product is then hydrolyzed to obtain a triphenylbenzidine 
compound represented by the following formula: 

30 . - 



35 




wherein R 21 , R 22 , R^ and R 24 are as defined above. Two equivalents of the triphenylbenzidine compound are acted 
upon by one equivalent of a dihalogenated compound represented by the following formula: 

45 

X 2> s*2 

50 

wherein X 2 and A 1 are as defined above, to obtain an amine compound of formula (II) of the present invention. 
If a diamino compound represented by the following formula: 

55 H 2 N NH 2 
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wherein A, is as defined above is used as a starting material, the amino group is acetylated to obtain a diacetylated 
compound whjch is then condensed with a halogenated aryl represented by the following formula: 



wherein and X 2 are as defined above. The reaction product is then hydrolyzed to obtain a diaryldiamino compound 
represented by the following formula: 




wherein R 



and A, are as defined above. The dihalogenated biphenyl compound is then condensed with a 4'-halo- 



wm«.«i.i n 21 ana t\, are as aerinea above. The dihalogenated biphenyl comp 
genated biphenylacetanilide compound represented by the following formula: 




wherein R^, R 24 and X 2 are as defined above, with the proviso that Ft> 4 and X 2 are not chlorine atoms at the same 
time, synthes.zed from a dihalogenated biphenyl compound and an anilide compound in the same manner as above 
The condensate is then hydrolyzed to obtain a tetramine compound represented by the following formula* 




wherein R 21 , R^, R 24 and A 1 are as defined above. The tetramine compound thus obtained is then condensed with a 
halogenated aryl represented by the following formula: 
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5 




wherein R 23 and X 2 are as defined above to obtain an amine compound of formula (II). Among the foregoing conden- 
10 sation reactions, the condensation reaction of 4,4'-dihalogenated biphenyl with an acetanilide compound may be ef- 
fected by using benzanilide instead of the acetanilide compound. 

The foregoing condensation reaction of various halogenated aryls with various amine compounds is effected in 
the presence or absence of solvent. As such a solvent there may be used nitrobenzene or dichlorobenzene. As a basic 
compound to be used a deacidification agent there may be used potassium carbonate, sodium carbonate, sodium 
is hydrogencarbonate, potassium hydroxide, sodium hydroxide or the like. The condensation reaction may be also ef- 
fected in the presence of a catalyst such as copper powder and halogenated copper. The reaction temperature is 
normally in the range of 160 to 230°C. 

The novel amine compound of formula (II) can easily form and stably maintain a glass state and is thermally and 
chemically stable. Thus, the amine compound of formula (II) is extremely useful as a hole-transporting material to be 
20 incorporated in organic electro-luminescence devices. Specific examples of the compound of formula (II) will be given 
below. 
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II_-_1_4 



CH 3 CH 3 
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11-19 



H 3 C 



10 



15 



20 




O CH 3 



0 C H 3 



25 



a-20 



30 



40 




45 



50 



55 



The synthesis of the amine compound of formula (II) will be further described in the following synthesis examples. 
SYNTHESIS EXAMPLE 5 

20.3 g (0 15 mol) of acetanilide, 73.1 g (0.18 mol) of 4,4'-diiodobiphenyl, 22. 1 g (0.16 mol) of anhydrous potassium 
carbonate, 2.16 g (0.034 mol) of copper powder, and 35 m€ of nitrobenzene were mixed. The reaction mixture was 
then allowed to undergo reaction at a temperature of 190 'C to 205 °C for 10 hours. The reaction product was then 
extracted with 200 m€ of toluene. The insoluble contents were removed by filtration. The filtrate was then concentrated 
to dnyness. The concentrate was then purified by column chromatography (carrier: silica gel; elute- 6/1 mixture of 
toluene and ethyl acetate) to obtain 40.2 g (yield: 64.8 %) of N-(4'-iodo-4-biphenylyl)acetanilide. The melting point of 
the product was from 1 35.0 °C to 1 36.0 °C. 

Subsequently, 13.2 g (0.032 mol) of N-(4'-iodo-4-biphenyl)acetanilide thus obtained, 6.60 g (0 039 mol) of diphe- 
nylamme, 5.53 g (0.040 mol) of anhydrous potassium carbonate, 0.45 g (0.007 mol) of copper powder and 10 m€ of 
nrtrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a temperature of 200 to 212 
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°C for 15 hours. The reaction product was then extracted with 100 m€ of toluene. The insoluble contents were then 
removed by filtration. The filtrate was then concentrated to obtain an oily matter. The oily matter thus obtained was 
then dissolved in 60 m€ of isoamyl alcohol. The material was then hydrolyzed with 1 m€ of water and 2.64 g (0.040 
mol) of 85 % potassium hydroxide at a temperature of 130 °C. The reaction solution was then subjected to steam 

s distillation to distill off isoamyl alcohol. The residue was extracted with 250 m€ of toluene, washed with water, and then 
concentrated to dryness. The concentrate was then purified by column chromatography (carrier: silica gel; elute: 1/2 
mixture of toluene and n-hexane) to obtain 10.5 g (yield: 72.2 %) of N,N, N'-triphenylbenzidine. The melting point of 
the product was from 167.5 °C to 168.5 °C. 

8.66 g (0.021 mol) of N.N.N'-triphenylbenzidine thus obtained, 4.06 g (0.01 mol) of 4, 4'-diiodobi phenyl, 2.90 g 

10 (0.021 mol) of anhydrous potassium carbonate, 0.32 g (0.005 mol) of copper powder, and 10 m€ of nitrobenzene were 
mixed. The reaction mixture was then allowed to undergo reaction at a temperature of 195 ft C to 210 °C for 20 hours. 
The reaction product was then extracted with 140 m€ of toluene. The insoluble contents were removed by filtration. 
The filtrate was then concentrated. To the concentrate was then added 1 20 m€ of n-hexane to recover a crude crystal. 
The crude crystal thus recovered was then purified by column chromatography (carrier: silica gel; elute: 1/2 mixture of 

is toluene and n-hexane) to obtain 4.73 g (yield: 48.5 %) of N.N'-bisf^-diphenylamino^-biphenylyO-N.N'-diphenylbenzi- 
dine. The melting point of the product was from 242.5 °C to 243.5 °C. 

SYNTHESIS EXAMPLE 6 

20 16.2 g (0.12 mol) of acetanilide, 56.4 g (0.13 mol) of 3,3'-dimethyl-4,4'-diiodobiphenyl, 18.0 g (0.13 mol) of anhy- 

drous potassium carbonate, 1 .71 g (0.027 mol) of copper powder, and 30 m€ of nitrobenzene were mixed. The reaction 
mixture was then allowed to undergo reaction at a temperature of 1 92 °C to 203 °C for 1 3 hours. The reaction product 
was then extracted with 160 m€ of toluene. The insoluble contents were removed by filtration. The filtrate was then 
concentrated to dryness. The concentrate was then purified by column chromatography (carrier: silica gel; elute: 7/1 

25 mixture of toluene and ethyl acetate) to obtain 36.7 g (yield: 69.3 %) of N-(3,3 , -dimethyl-4'-iodo-4-biphenylyl)acetanilide. 
Subsequently, 1 3.2 g (0.030 mol) of N-(3,3'-dimethyl-4'-iodo-4-biphenylyl)acetanilide thus obtained, 6.09 g (0.036 mol) 
of diphenylamine, 5.11 g (0.037 mol) of anhydrous potassium carbonate, 0.44 g (0.007 mol) of copper powder, and 10 
m€ of nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a temperature of 198 
to 211 °C for 1 3 hours. The reaction product was then extracted with 100 rrtf of toluene. The insoluble contents were 

30 then removed by filtration. The filtrate was then concentrated to obtain an oily matter. The oily matter thus obtained 
was then dissolved in 50 m€ of isoamyl alcohol. The material was then hydrolyzed with 1 m€ of water and 2.38 g (0.036 
mol) of 85 % potassium hydroxide at a temperature of 130 °C. The reaction solution was then subjected to steam 
distillation to distill off isoamyl alcohol. The residue was extracted with 200 m€ of toluene, washed with water, and then 
concentrated to dryness. The concentrate was then purified by column chromatography (carrier: silica gel; elute: 1/3 

35 mixture of toluene and n-hexane) to obtain 9. 27 g (yield: 70. 1 %) of S.S'-dimethyl-N, N, N'-triphenylbenzidine. The melting 
point of the product was from 104.0 °C to 105.0 °C. 

8.37 g (0.019 mol) of 3,3'-dimethyl-N,N, N'-triphenylbenzidine thus obtained, 3.65 g (0.009 mol) of 4,4'-diiodobi- 
phenyl, 2.63 g (0.019 mol) of anhydrous potassium carbonate, 0.25 g (0.004 mol) of copper powder, and 7 m€ of 
nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a temperature of 197 °C to 

40 212 °C for 36 hours. The reaction product was then extracted with 130 m€ of toluene. The insoluble contents were 
removed by filtration. The filtrate was then concentrated. To the concentrate was then added 110 m€ of n-hexane to 
recover a crude crystal. The crude crystal thus recovered was then purified by column chromatography (carrier: silica 
gel; elute: 1/2 mixture of toluene and n-hexane) to obtain 4.84 g (yield: 52.1 %) of N.N'-bistS.S'-dimethyM'-diphenylami- 
no-4-biphenylyl)-N,N'-diphenylbenzidine. The melting point of the product was indefinite. 

45 

SYNTHESIS EXAMPLE 7 

16.0 g (0.06 mol) of 1 , 1 -bis(4-aminophenyl) cyclohexane was dissolved in 50 ml of glacial acetic acid. 1 3.3 g (0. 1 3 
mol) of acetic anhydride was then added dropwise to the solution at a temperature of 40 °C. After the completion of 

50 dropwise addition, the reaction mixture was then allowed to undergo reaction at a temperature of 60 °C for 2 hours. 
The reaction solution was then poured into 300 m€ of ice water. The resulting crystal was filtered off, washed with 
water, and then dried. The crystal thus obtained was then recrystallized from a mixture of 40 m€ of ethyl acetate and 
150 m€ of methanol to obtain 13.5 g (yield: 64.3 %) of 1,1-bis(4-acetamidephenyl)cyclohexane. The melting point of 
the product was from 270.0 °C to 271 .0 °C. 

55 10.5 g (0.03 mol) of 1 ,1 -bis(4-acetamidephenyl) cyclohexane thus obtained, 10.4 g (0.066 mol) of bromobenzene, 

8.71 g (0.063 mol) of anhydrous potassium carbonate, and 0.95 g (0.015 mol) of copper powder were mixed. The 
reaction mixture was then allowed to undergo reaction at a temperature of 1 70 °C to 200 °C for 1 6 hours. The reaction 
product was then extracted with 1 50 m€ of toluene. The insoluble contents were removed by filtration. The filtrate was 
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then concentrated to obtain an oily matter. The oily matter thus obtained was then dissolved in 50 me of isoamyl alcohol 
The material was then hydrolyzed with 1 me of water and 4.16 g (0.063 mol) of 85 % potassium hydroxide at a tem- 
perature of 1 30 C. The material was then subjected to steam distillation to distill off isoamyl alcohol. The residue was 
extracted with 200 m€ of toluene, washed with water, and then concentrated to dryness. The concentrate was then 
purrfied by co umn chromatography (carrier: silica gel; elute: 3/2 mixture of toluene and n-hexane) to obtain 9 31 g 
(yield: 74. 1 %) of 1 , 1 -bis(4-anilinophenyl) cyclohexane. 

Subsequently, in the same manner as in Synthesis Example 5, 18.4 g (0.042 mol) of N-(4'-iodo^-biphenyl V 0- 
acetan.hde obtained by the condensation reaction of acetanilide with 4,4'<Jiiodobiphenyl, 8.37 g (0 02 mol) of 1 1 -bis 
(4-anilinophenyl)cyclohexane thus obtained, 5.80 g (0.042 mol) of anhydrous potassium carbonate, 0 57 g (0 009 mol) 
o copper powder, and 20 m€ of nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction 
at a temperature of 198 to 215 »C for 21 hours. The reaction product was then extracted with 150 m€ of toluene The 
insoluble contents were then removed by filtration. The filtrate was then concentrated to obtain an oily matter The oily 
matter thus obtained was then dissolved in 80 m€ of isoamyl alcohol. The material was then hydrolyzed with 1 me of 
water and 2.77 g (0.042 mol) of 85 % potassium hydroxide at a temperature of 1 30 »C. The reaction solution was then 
subjected to steam distillation to distill off isoamyl alcohol. The residue was extracted with 180 me of toluene washed 
with water, and then concentrated to dryness. The concentrate was then purified by column chromatography (carrier 
silica ge elute. 1/1 m.xture of toluene and n-hexane) to obtain 10.4 g (yield: 57.3 %) of 1,1-bis[p-[N-(4"-anilino-4-bi- 
phenylyl)anilmo]phenyl]cyclohexane. 

9.05 g (0.01 mol) of 1.1-bis[p-tN-(4'-anilino-4-biphenylyl)anilino]phenyl]cyclohexane thus obtained, 4 49 q (0 022 
mol) of .odobenzene, 2.90 g (0.021 mol) of anhydrous potassium carbonate, 0.32 g (0.005 mol) of copper powder and 

It^rt^TonTZ m T u ed - The reaCti ° n miX,Ure WaS ,hGn allowed to under 9° reaction at a temperature of 
1 98 C to 21 3 C for 1 9 hours. The reaction product was then extracted with 1 50 me of toluene. The insoluble contents 
were removed by filtration. The filtrate was then concentrated. To the concentrate was then added 11 0 me of n-hexane 
to recover a crude crystal. The crude crystal thus recovered was then purified by column chromatography (carrier- 
silica gel; elute: 2/3 mixture of toluene and n-hexane) to obtain 5. 1 7 g (yield: 48.9 %) of 1 , 1 -bis[p-[N-(4"-diphenylamino- 
4-b.phenylyl)anilino]phenyl]cyclohexane. The melting point of the product was indefinite 



SYNTHESIS EXAMPLE 8 



-, oo n ] 1 • 1 - bis ( 4 - anilin °P h enyl)cyclohexane obtained in the same manner as in Synthesis Example 

7, 22.9 g (0.052 1 mol) of N-(3.3'-dimethyl-4 l -iodo-4-biphenylyl)acetanilide obtained in the same manner as in Synthesis 
Example 6, 7. 1 9 g (0.052 mol) of anhydrous potassium carbonate, 0.76 g (0.01 2 mol) of copper powder and 20 mi of 
nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a temperature of 200 to 208 
^ reaCti ° n pr0dUCt Was then extrac,ed w «h 180 me of toluene. The insoluble contents were then 

removed by fittration. The filtrate was then concentrated to obtain an oify matter. The oify matter thus obtained was 
then dissolved .n 80 me of isoamyl alcohol. The solution was then hydrofyzed with 1 me of water and 2 77 g (0 042 
m °, , « % P °! a f T hydroxide at a ta "iperature of 130 'C. The solution was then subjected to steam distillation to 
distill off isoamyl alcohol. The residue was extracted with 180 me of toluene, washed with water, and then concentrated 
o dryness. The concentrate was then purified by column chromatography (carrier: silica gel; elute 1/1 mixture of 
PhenJJcyctonexrn a e n8) ^ ^ 9 ^ %) * 1,1 - bis fP-f N -( 4, - anilino - 3 ' 3 ^ ime thyl-4-biphenylyl)anilino] 

c on 11 ;™ ° 1J l m0l) of1 ' 1 - bis tP-t N -< 4 '- anilin °-^^ thus obtained 

5.30 g (0.026 mol) of .odobenzene, 3.46 g (0.025 mol) of anhydrous potassium carbonate, 0.38 g (0 006 mol) of cooper 
powder, and 15 me of nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a 
temperature of 198 »C to 213 °C for 19 hours. The reaction product was then extracted with 150 me of toluene The 
insoluble contents were removed by filtration. The filtrate was then concentrated. To the concentrate was then added 
120 me of n-hexane to recover a crude crystal. The crude crystal thus recovered was then purified by column chroma- 
tography (carrier: silica gel; elute: 1/3 mixture of toluene and n-hexane) to obtain 5.57 g (yield- 41 7 %) of 1 1-bisrp- 

[N-(4"-diphenylam.no-3,3'-dimethyl-4-biphenylyl)anilino]phenyl] cyclohexane. The melting point of the product was in- 
detinit9. 

Figs 5 to 8 show the infrared absorption spectra of the compounds obtained in Synthesis Examples 5 to 8 re- 
NihorBinto ^Kog f yoK d K abSOrP,i0n SP9Ctfa d8termined by KBr teb,et P rocess b V means <* 'R-700 available from 
Table 2 shows the results of elementary analysis of the compounds obtained in Synthesis Examples 5 to 8. 
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The amine compound represented by formula (III) is a novel compound. The synthesis of the amine compound 
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can be accomplished by hydrolyzing the product of the condensation reaction of the corresponding triphenylbenzidine 
compound with the corresponding dihalogenated compound or the condensation reaction of the corresponding N N- 
diacetylated diamine compound with the corresponding 4'-halogenated biphenylacetanilide compound, and then sub- 
jecting the hydrolyzate to condensation reaction with the corresponding halogenated aryl. The condensation reaction 
is known as Ullmann reaction. 

For example, a 4,4'-dihalogenated biphenyl compound represented by the following formula: 




wherein R34 is as defined above; and X 3 represents a chlorine atom, bromine atom or iodine atom, with the proviso 
that and X 3 are not chlorine atoms at the same time, is condensed with an anilide compound represented by the 
following formula: y 



wherein R 31 is as defined above in the same molar quantity, to obtain a 4'-halogenated biphenylacetanilide compound 
represented by the following formula: 




wherein R 31 , and X 3 are as defined above, with the proviso that R^ and X 3 are not chlorine atoms at the same 
time. The 4'-halogenated biphenylacetanilide compound thus obtained is then condensed with a diphenylamine com- 
pound represented by the following formula: 




wherein R 32 and R^ are as defined above. The condensation product is then hydrolyzed to obtain a triphenylbenzidine 
compound represented by the following formula: 
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5 



10 




wherein R 31 , R 32 , R33 and R34 are as defined above. Two equivalents ot the triphenylbenzidine compound are acted 
15 upon by one equivalent of a dihalogenated compound represented by the following formula: 




wherein X 3 and A 2 are as defined above, to obtain an amine compound of formula (III) of the present invention. 
If a diamino compound represented by the following formula: 




30 wherein A 2 is as defined above is used as a starting material, the amino group is acetylated to obtain a diacetylated 
compound which is then condensed with a halogenated aryl represented by the following formula: 



40 wherein R 31 and X 3 are as defined above. The reaction product is then hydrolyzed to obtain a diaryldiamino compound 
represented by the following formula: 



45 



so 




wherein R 31 and are as defined above. The dihalogenated biphenyl compound is then condensed with a ^-halo- 
genated biphenylacetanilide compound represented by the following formula: 

55 
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wherein R 32 , and X 3 are as defined above, with the proviso that and X 3 are not chlorine atoms at the same 
time, synthesized from a dihalogenated biphenyl compound and an anilide compound in the same manner as above 
The condensate is then hydrolyzed to obtain a tetramine compound represented by the following formula* 




wherein R 31 , R 32 , R^ and Ag are as defined above. The tetramine compound thus obtained is then condensed with a 
halogenated aryl represented by the following formula: 




wherein R^ and X 3 are as defined above to obtain an amine compound of formula (III). Among the foregoing conden- 
sation reactions, the condensation reaction of 4,4'-dihalogenated biphenyl with an acetanilide compound may be ef- 
fected by using benzanilide instead of the acetanilide compound. 

The novel amine compound of formula (III) can easily form and stably maintain a glass state and is thermally and 
chemically stable. Thus, the amine compound of formula (III) is extremely useful as a hole-transporting material to be 
incorporated in organic electro-luminescence devices. Specific examples of the compound of formula (III) will be qiven 
below. a 
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The synthesis of the amine compound of formula (III) will be further described in the following synthesis examples. 
SYNTHESIS EXAMPLE 9 



20.0 g (0.15 mol) of acetanilide, 65.0 g (0.16 mol) of 4,4'-diiodobiphenyl, 22.1 g (0.16 mol) of anhydrous potassium 
carbonate, 2.16 g (0.034 mol) of copper powder, and 35 m€ of nitrobenzene were mixed. The reaction mixture was 
then allowed to undergo reaction at a temperature of 190 °C to 205 °C for 10 hours. The reaction product was then 
extracted with 200 m€ of toluene. The insoluble contents were then removed by filtration. The filtrate was then con- 
centrated to dryness. The concentrate was then purified by column chromatography (carrier: silica gel; elute: 6/1 mixture 
of toluene and ethyl acetate) to obtain 40.2 g (yield: 64.8 %) of N-^'-iodo^-biphenylyOacetanilide. The melting point 
of the product was from 1 35.0 °C to 1 36.0 °C. 

12.0 g (0.06 mol) of 4,4'-diamino-1,1'-diphenyl ether was dissolved in 100 m€ of glacial acetic acid. 13.5 g (0.13 
mol) of acetic anhydride was then added dropwise to the solution at a temperature of 40 °C. After the completion of 
dropwise addition, the reaction mixture was then allowed to undergo reaction at a temperature of 45 °C for 2 hours. 
The reaction solution was then poured into 700 m€ of ice water. The resulting crystal was filtered off, washed with 
water, and then dried. The crystal thus obtained was then recrystailized from 160 m€ of methanol to obtain 13.4 g 
(yield: 78.3 %) of 4,4 , -diacetamide-1 , 1 '-diphenyl ether. The melting point of the product was from 231 .0 °C to 231 .5 °C. 

Subsequently, 7.11 g (0.025 mol) of 4,4 , -diacetamide-1 ,1 '-diphenyl ether, 22.7 g (0.055 mol) of N-(4'-iodo-4-biphe- 
nylyl)acetanilide, 7.60 g (0.055 mol) of anhydrous potassium carbonate, 0.70 g (0.011 mol) of copper powder, and 10 
m€ of nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a temperature of 185 
°C to 1 95 °C for 8 hours. The reaction product was then extracted with 500 m€ of toluene. The insoluble contents were 
removed by filtration. The filtrate was then concentrated to obtain an oily matter. The oily matter thus obtained was 
then dissolved in 60 m€ of isoamyl alcohol. The solution was then hydrolyzed with 1 m€ of water and 1 .8 g (0.027 mol) 
of 85 % potassium hydroxide at a temperature of 1 30 °C. The solution was then subjected to steam distillation to distill 
off isoamyl alcohol. The residue was extracted with 250 m€ of toluene, washed with water, and then concentrated to 
dryness. The concentrate was then purified by column chromatography (carrier: silica gel; elute: 1/1 mixture of toluene 
and ethyl acetate) to obtain 8.93 g (yield: 52.0 %) of ^^-bisf^-anilino^-biphenylylaminoJ-I.V-diphenyl ether. The 
melting point of the product was from 285.5 °C to 286.5 °C. 

6.87 g (0.01 mol) of 4,4 , -bis(4'-anilino-4-biphenylylamino)-1,1 , -diphenyl ether, 24.5 g (0.12 mol) of iodobenzene, 
6.08 g (0.044 mol) of anhydrous potassium carbonate, and 0.51 g (0.008 mol) of copper powder were mixed. The 
reaction mixture was then allowed to undergo reaction at a temperature of 1 95 °C to 21 0 °C for 1 6.5 hours. The reaction 
product was then extracted with 100 m€ of toluene. The insoluble contents were then removed by filtration. The filtrate 
was then concentrated. To the concentrate was then added 350 m€ of n-hexane to recover a crude crystal. The crude 
crystal thus recovered was then purified by column chromatography (carrier: silica gel; elute: 3/4 mixture of toluene 
and n-hexane) to obtain 4.06 g (yield: 41.0 %) of 4, 4 , -bis(4 , -<Jiphenylamino-4-biphenylylanilinino)-1,1 , -diphenyl ether. 
The melting point of the product was from 1 75.0 °C to 1 76.5 °C. 

Fig. 9 shows the infrared absorption spectrum of the compound obtained in Synthesis Example 9 (determined by 
KBr tablet process by means of IR-700 available from Nihon Bunko Kogyo K.K.). 
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The amine compound represented by formula (IV) is a novel compound. The synthesis of the amine compound 
of formula (IV) can be accomplished by the condensation reaction of the corresponding halogenated biphenylyldiphe- 
nylamine compound with the corresponding diamine compound. Alternatively, it can be accomplished by hydrolyzing 
the product of the condensation reaction of the corresponding halogenated biphenylyldiphenylamine compound with 
5 the corresponding amide compound to obtain a triamine compound, and then subjecting the triamine compound to 
condensation reaction with the corresponding dihalogenated compound. The condensation reaction is known as Ull- 
mann reaction. 

For example, a 4, ^-dihalogenated biphenyl compound represented by the following formula: 

10 

^43. R43 



wherein R 43 is as defined above; and X 4 represents a chlorine atom, bromine atom or iodine atom, with the proviso 
that R43 and X4 are not chlorine atoms at the same time, is condensed with a diphenylamine compound represented 
20 by the following formula: 



25 



30 




wherein R 41 and R 42 are as defined above in the same molar quantity, to obtain a 4*-halogenated biphenylyldiphe- 
nylamine compound represented by the following formula: 

35 



40 



45 




wherein R 41 , R 42 , R^ and are as defined above, with the proviso that R^ and ^ are not chlorine atoms at the 
same time. Four equivalents of the 4'-halogenated biphenyldiphenylamtne compound thus obtained are then allowed 
so to act on one equivalent of a diamine compound represented by the following formula: 

H 2 N-A 3 -NH 2 

55 wherein A 3 and are as defined above to undergo condensation. Thus, an amine compound of the present invention 
is obtained. 

Alternatively, two equivalents of a 4'-halogenated biphenylyldiphenylamine compound represented by the following 
formula: 
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wherein R^, R^, R43 and X4 are as defined above, with the proviso that 1% 3 and are not chlorine atoms at the 
same time, synthesized from a dihalogenated biphenyl compound and a diphenylamine compound in the same manner 
as above are condensed with one equivalent of acetamide. The condensate is then hydrolyzed to obtain a triamine 
compound represented by the following formula: 




"»42 



wherein R 41 , R 42 and R 43 are as defined above. Two equivalents of the triamine compound are then allowed to act on 
one equivalent of a dihalogenated compound represented by the following formula: 



X 4 A 3 — X 4 



where.n K» A 3 and are as defined above, with the proviso that ^ and are not chlorine atoms at the same 
time to undergo condensation. Thus, a compound of the present invention can be obtained. Among the foregoinq 
condensate reactions, the condensation reaction of two equivalents of 4'-halogenated biphenylyldiphenylamine com- 
pound with one equivalent of acetamide may be effected by using acetamide instead of benzamide 

The foregoing condensation reaction of various halogenated aryls with various amine compounds is effected in 
the presence or absence of solvent. As such a solvent there may be used nitrobenzene or dichlorobenzene As a basic 
compound to be used a deacidification agent there may be used potassium caroonate, sodium carbonate sodium 
hydrogencarbonate, potassium hydroxide, sodium hydroxide or the like. The condensation reaction may be also ef- 
fected in the presence of a catalyst such as copper powder and halogenated copper. The reaction temperature is 
normally in the range of 160 to 230 e C. 

The novel amine compound of formula (IV) can easily form and stably maintain a glass state and is thermally and 
chemically stable. Thus, the amine compound of the present invention is extremely useful as a hole-transporting ma- 
terial to be incorporated in organic electro-luminescence devices. 

Specific examples of the compound of formula (IV) will be given below. 
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IV- 7 




t-C 4 H 9 t-C„H 9 
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IV-9 



5 
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IV- 11 
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IV- 15 




IV-16 
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IV-17 

5 



10 



15 



20 



25 




The synthesis of the compounds of formula (IV) will be further described in the following examples. 

30 SYNTHESIS EXAMPLE 10 

16.9 g (0.10 mol) of diphenylamine, 48.7 g (0.12 mol) of 4,4'-diiodobiphenyl 1 16.6 g (0.12 mol) of anhydrous po- 
tassium carbonate, 1 .27 g (0.02 mol) of copper powder, and 20 m€ of nitrobenzene were mixed. The reaction mixture 
was then allowed to undergo reaction at a temperature of 190 °C to 205 °C for 20 hours. The reaction product was 

35 then extracted with 200 m€ of toluene. The insoluble contents were removed by filtration. The filtrate was then con- 
centrated to dryness. The concentrate was then purified by column chromatography (carrier: silica gel; elute: 1 /3 mixture 
of toluene and n-hexane) to obtain 24.9 g (yield: 55.6 %) of N-(4Modo-4-biphenylyl)-N,N-diphenylamine. The melting 
point of the product was from 139.5 °C to 140.5 °C. 

Subsequently, 15.2 g (0.034 mol) of N-(4'-iodo-4-biphenylyl)-N,N-diphenylamine thus obtained, 0.95 g (0.016 mol) 

40 of acetamide, 4.70 g (0.034 mol) of anhydrous potassium carbonate, 0. 19 g (0.003 mol) of copper powder, and 10 m€ 
of nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a temperature of 200 to 
212 °C for 15 hours. The reaction product was then extracted with 150 m€ of toluene. The insoluble contents were 
then removed by filtration. The filtrate was then concentrated to obtain an oily matter The oily matter thus obtained 
was then dissolved in 120 m€ of isoamyl alcohol. The material was then hydrolyzed with 1 m€ of water and 1.35 g 

45 (0.024 mol) of 85 % potassium hydroxide at a temperature of 130 °C. The reaction solution was then subjected to 
steam distillation to distill off isoamyl alcohol. The residue was extracted with 200 m€ of toluene, washed with water, 
and then concentrated to dryness. The concentrate was then purified by column chromatography (carrier: silica gel; 
elute: 1/1 mixture of toluene and n-hexane) to obtain 7.47 g (yield: 71.2 %) of N,N-bis(4'-diphenylamino-4-biphenylyl) 
amine. The melting point of the product was from 21 2.5 °C to 21 3.5 °C. 

so 7.21 g (0.011 mol) of N,N-bis(4 , -diphenylamino-4-biphenylyl)amine thus obtained, 2.03 g (0.005 mol) of 4,4'-diio- 

dobiphenyl, 1.52 g (0.011 mol) of anhydrous potassium carbonate, 0.13 g (0.002 mol) of copper powder, and 10 m€ 
of nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a temperature of 195 °C 
to 210 °C for 15 hours. The reaction product was then extracted with 100 m€ of toluene. The insoluble contents were 
removed by filtration. The filtrate was then concentrated. To the concentrate was then added 120 m€ of n-hexane to 

55 recover a crude crystal. The crude crystal thus recovered was then purified by column chromatography (carrier: silica 
gel; elute: 1/1 mixture of toluene and n-hexane) to obtain 4.16 g (yield: 56.9 %) of N,N,N\NMetrakis(4'-diphenylamino- 
4-biphenylyl)benzidine. The product was molten at a temperature of 188 °C to 191 °C. Thus, the melting point of the 
product was indefinite. The elementary analysis and infrared absorption spectrum of the product (determined by KBr 
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tablet process by means of IR-700 available from Nihon Bunko Kogyo K.K.) are as follows: 



Elementary analysis: 


Measured % 
Calculated % 


C 88.78, H 5.58, N 5.69 
C 88.74, H5.51, N 5.75 



Infrared absorption spectrum: 3,028 cnrr 1 , 1,591 cnrr 1 , 1,488 cnrr 1 , 1,319 cm" 1 , 1,275 crrr 1 , 1,176 crrr 1 , 818 cm-"" , 753 
cm' 1 , 697 cm' 1 

w 

SYNTHESIS EXAMPLE 11 

20.3 g (0.12 mol) of diphenylamine, 60.9 g (0.15 mol) of 4,4 , -diiodobiphenyl, 19.3 g (0.14 mol) of anhydrous po- 
tassium carbonate, 1 .52 g (0.024 mol) of copper powder, and 20 m€ of nitrobenzene were mixed. The reaction mixture 

75 was then allowed to undergo reaction at a temperature of 190 °C to 205 °C for 21 hours. The reaction product was 
then extracted with 200 m€ of toluene. The insoluble contents were removed by filtration. The filtrate was then con- 
centrated to dryness. The concentrate was then purified by column chromatography (carrier: silica gel; elute: 1/3 mixture 
of toluene and n-hexane) to obtain 29.0 g (yield: 54.1 %) of N-(4 , -iodo-4-biphenylyl)-N,N-diphenylamine. The melting 
point of the product was from 139.5 °C to 140.5 °C. 

20 Subsequently, 22.8 g (0.051 mol) of N-(4'-iodo-4-biphenylyl)-N,N-diphenylamine thus obtained, 2.55 g (0.012 mol) 

of o-tolidine, 6.91 g (0.050 mol) of anhydrous potassium carbonate, 0.64 g (0.001 mol) of copper powder, and 10 m€ 
of nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a temperature of 200 to 
212 °C for 28 hours. The reaction product was then extracted with 160 m€ of toluene. The insoluble contents were 
then removed by filtration. The filtrate was then concentrated to dryness. The solid matter thus obtained was then 

25 purified by column chromatography (carrier: silica gel; elute: 1/1 mixture of toluene and n-hexane) to obtain 9.94 g 
(yield: 55.6 %) of N,N ) N',N , -tetrakis(4'-diphenylamino-4-biphenylyl)-o-tolidine. The melting point of the product was 
from 196 °C to 203 °C. Thus, the melting point of the product was indefinite. The elementary analysis and infrared 
absorption spectrum of the product are as follows: 



30 


Elementary analysis: j 




Measured % { C 88.67, 


H 5.78, 


N5.56 




Calculated % I C 88.68, 


H 5.68, 


N5.64 



35 Infrared absorption spectrum: 3,026cm' 1 , 1,589cm' 1 , 1,486cm' 1 , 1,314cm' 1 , 1,270cm' 1 , 1 ,176 cm' 1 , 816 cm' 1 , 752 
cm' 1 , 696 cm' 1 

SYNTHESIS EXAMPLE 12 

4 0 20.3 g (0.12 mol) of diphenylamine, 65.1 g (0.15 mol) of S.S'-dimethyl^'-diiodobiphenyl, 19.3 g (0.14 mol) of 

anhydrous potassium carbonate, 1.52 g (0.024 mol) of copper powder, and 20 ml of nitrobenzene were mixed. The 
reaction mixture was then allowed to undergo reaction at a temperature of 1 90 °C to 205 °C for 21 hours. The reaction 
product was then extracted with 200 rrrf of toluene. The insoluble contents were removed by filtration. The filtrate was 
then concentrated to dryness. The concentrate was then purified by column chromatography (carrier: silica gel; elute: 

45 2/7 mixture of toluene and n-hexane) to obtain 32.6 g (yield: 57.2 %) of N^S.S'-dimethyW-iod^-biphenylyO-N.N- 
diphenylamine. 

Subsequently, 24.2 g (0.051 mol) of N-faS'-dimethyM'-iodo^-biphenyfylJ-N.N-diphenylamine thus obtained, 2.55 
g (0.01 2 mol) of o-tolidine, 6.91 g (0.050 mol) of anhydrous potassium carbonate, 0.64 g (0.001 mol) of copper powder, 
and 10 m€ of nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a temperature 

so of 200 to 21 2 °C for 30 hours. The reaction product was then extracted with 1 50 m€ of toluene. The insoluble contents 
were then removed by filtration. The filtrate was then concentrated to dryness. The solid matter thus obtained was then 
purified by column chromatography (carrier: silica gel; elute: 3/4 mixture of toluene and n-hexane) to obtain 9.48 g 
(yield: 49.3 %) of N.N.N'.NMetrakisfaS'-dimethyM'-diphenylamino^-biphenylyO-o-tolidine. The product was molten 
at a temperature of 196 °C to 212 °C. Thus, the melting point of the product was indefinite. The elementary analysis 

55 and infrared absorption spectrum of the product are as follows: 
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Elementary analysis: 

Measured % j C 88.53, H 6.24, N 5.21 
Calculated % j C 88.46, H 6.29, N 5.25 



Infrared absorption spectrum: 3,026 cm- 1 , 1,589 cm 1 , 1,486 cm" 1 , 1,314 cm- 1 , 1,270 cm* 1 , 1,176 cm" 1 , 816 cm* 1 , 752 
cm* 1 , 696 cm* 1 

The amino compound of formula (V) is a novel compound. The synthesis of the amine compound of formula (V) 
10 can be accomplished by the condensation reaction of the corresponding halogenated biphenylyldiphenylamine com- 
pound with the corresponding diamine compound. Alternatively, it can be accomplished by hydrolyzing the product of 
the condensation reaction of the corresponding halogenated biphenylyldiphenylamine compound with the correspond- 
ing amide compound to obtain a triamine compound, and then subjecting the triamine compound to condensation 
reaction with the corresponding dihalogenated compound. The condensation reaction is known as Ullmann reaction. 
is For example, a 4,4'-dihalogenated biphenyl compound represented by the following formula: 



wherein R 53 is as defined above; and X 5 represents a chlorine atom, bromine atom or iodine atom, with the proviso 
25 that Rgs and X 5 are not chlorine atoms at the same time, is condensed with a diphenylamine compound represented 
by the following formula: 



30 



35 




40 wherein R 51 and R 52 are as defined above in the same molar quantity, to obtain a 4'-halogenated biphenylyldiphe- 
nylamine compound represented by the following formula: 



45 



50 




55 wherein R 51 , R 52 , R53 and X5 are as defined above, with the proviso that R53 and X5 are not chlorine atoms at the 
same time. Four equivalents of the ^-halogenated biphenyldiphenylamine compound thus obtained are then allowed 
to act on one equivalent of a diamine compound represented by the following formula: 
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H 2 N-A 4 -NH 2 

wherein A4 is as defined above to undergo condensation. Thus, an amine compound of the present invention is ob- 
tained. 

Alternatively, two equivalents of a 4'-halogenated biphenyly Idiphenylamine compound represented by the following 
formula: 




wherein R 51 , R 52 , and X 5 are as defined above, with the proviso that R 53 and X 5 are not chlorine atoms at the 
same time, synthesized from a dihalogenated biphenyl compound and a diphenylamine compound in the same manner 
as above are condensed with one equivalent of acetamide. The condensate is then hydrolyzed to obtain a triamine 
compound represented by the following formula: 




wherein R 51 , and R 53 are as defined above. Two equivalents of the triamine compound are then allowed to act on 
one equivalent of a dihalogenated compound represented by the following formula: 

X 5 A 4 X 5 

wherein X 5 and A4 are as defined above, to undergo condensation. Thus, the compound of formula (V) can be obtained. 
Among the foregoing condensation reactions, the condensation reaction of two equivalents of 4'-halogenated biphe- 
nylyldiphenylamine compound with one equivalent of acetamide may be effected by using acetamide instead of ben- 
zamide. 

The foregoing condensation reaction of various halogenated aryls with various amine compounds is effected in 
the presence or absence of solvent. As such a solvent there may be used nitrobenzene or dichlorobenzene. As a basic 
compound to be used a deacidification agent there may be used potassium carbonate, sodium carbonate, sodium 
hydrogencarbonate, potassium hydroxide, sodium hydroxide or the like. The condensation reaction may be also ef- 
fected in the presence of a catalyst such as copper powder and halogenated copper. The reaction temperature is 
normally in the range of 160 to 230°C. 

The novel amine compound of formula (V) can easily form and stably maintain a glass state and is thermally and 
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chemically stable. Thus, the amine compound is extremely useful as a hole-transporting material to be incorporated 
in organic electro-luminescence devices. 

Specific examples of the compound of formula (V) will be given below. 



V-l 





V-2 





CH, 
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V-9 




The amine compounds of formula (VI) which are used for the organic EL device according to the present invention 
can be synthesized as follows. 

The synthesis of the amine compound of formula (VI) can be accomplished by hydrolyzing the product of the 
condensation reaction of the corresponding halogenated biphenylyldiphenylamine compound with the corresponding 
amide compound to obtain a triamine compound, and then subjecting the triamine compound to condensation reaction 
with the corresponding halogenated biphenylyldiphenylamine compound. These condensation reactions are known as 
Ullmann reaction. 

The synthesis of the amine compounds of formula (VI) will be further described in the following synthesis examples. 
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SYNTHESIS EXAMPLE 13 

16.9 g (0.10 mol) of diphenylamine, 48.7 g (0.12 mol) of 4,4'-diiodobiphenyl, 16.6 g (0.12 mol) of anhydrous po- 
tassium carbonate, 1 .27 g (0.02 mol) of copper powder, and 20 m€ of nitrobenzene were mixed. The reaction mixture 

5 was then allowed to undergo reaction at a temperature of 190 °C to 205 °C for 20 hours. The reaction product was 
then extracted with 200 m€ of toluene. The insoluble contents were removed by filtration. The filtrate was then con- 
centrated to dryness. The concentrate was then purified by column chromatography (carrier: silica gel; elute: 1/3 mixture 
of toluene and n-hexane) to obtain 24.9 g (yield: 55.6 %) of N-(4'-iodo-4-biphenylyl)-N,N-diphenylamine. The melting 
point of the product was from 139.5 °C to 140.5 °C. 

10 Subsequently, 15.2 g (0.034 mol) of N-(4'-iodo-4-biphenylyl)-N,N-diphenylamine thus obtained, 0.95 g (0.016 mol) 

of acetamide, 4.70 g (0.034 mol) of anhydrous potassium carbonate, 0.19 g (0.003 mol) of copper powder, and 10 m€ 
of nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a temperature of 200 to 
212 °C for 15 hours. The reaction product was then extracted with 150 m€ of toluene. The insoluble contents were 
then removed by filtration. The filtrate was then concentrated to obtain an oily matter. The oily matter thus obtained 

15 was then dissolved in 120 m€ of isoamyl alcohol. The reaction solution was then hydrolyzed with 1 rrtf of water and 
1 .35 g (0.024 mol) of 85 % potassium hydroxide at a temperature of 1 30 °C. The reaction solution was then subjected 
to steam distillation to distill off isoamyl alcohol. The residue was extracted with 200 m€ of toluene, washed with water, 
and then concentrated to dryness. The concentrate was then purified by column chromatography (carrier: silica gel; 
elute: 1/1 mixture of toluene and n-hexane) to obtain 7.47 g (yield: 71.2 %) of N,N-bis(4 , -diphenylamino-4-biphenylyl) 

20 amine. The melting point of the product was from 212.5 °C to 21 3.5 °C. 

6.56 g (0.01 mol) of N,N-bis(4'-diphenylamino-4-biphenylyl)amine thus obtained, 4.92 g (0.011 mol) of N-(4'-iodo- 
4-biphenyryl)-N,N-diphenylamine, 1 .52 g (0.011 mol) of anhydrous potassium carbonate, 0.1 3 g (0.002 mol) of copper 
powder, and 10 rrtf of nitrobenzene were mixed. The reaction mixture was then allowed to undergo reaction at a 
temperature of 195 °C to 210 °C for 15 hours. The reaction product was then extracted with 100 m€ of toluene. The 

25 insoluble contents were removed by filtration. To the filtrate was then added 120 m€ of n-hexane to recover a crude 
crystal. The crude crystal thus obtained was then purified by column chromatography to obtain 4.89 g (yield: 50.2 %) 
of N,N,N-tris(4'-diphenylamino-4-biphenylyl)amine. The product was molten at a temperature of 250 °C to 278 °C. 
Thus, the melting point of the product was indefinite. The results of elementary analysis and infrared absorption spec- 
trum are as follows. 



Elementary analysis: 


Measured % 
Calculated % 


C 88.78, H5.51, N 5.82 
C 88.67, H 5.58, N 5.75 



35 

Infrared absorption spectrum: 3,028 cm" 1 , 1,590 cm" 1 , 1,487 cm" 1 , 1,322 cm" 1 , 1,277 cm" 1 , 1,176 cm" 1 , 820 cm" 1 , 753 
cm -1 , 697 cm -1 

In order to demonstrate that the amine compounds of formulas (I) to (V) are useful and organic EL devices com- 
prising the amine compounds of formulas (I) to (VI) as a hole-transporting material are excellent in luminescence 

40 characteristics, lumunescence stability and storage stability, the inventors prepared and evaluated organic EL devices 
comprising an ITO electrode, a hole-transporting layer, a light-emitting layer, and a magnesium/silver electrode. As the 
light-emitting material, an Alq having an electron-transporting property was used. As the hole-transporting materials 
there were used amine compounds represented by formulae (I) to (VI). 

The organic EL device was prepared by vacuum-evaporating a hole-transporting layer 3, an electron-transporting/ 

45 light-emitting layer 4, and an Mg/Ag electrode 5 in this order onto an ITO electrode which had been previously formed 
on a glass substrate as a transparent electrode 2 as shown in Fig. 10. In some detail, a glass substrate (on which an 
ITO electrode has been formed) which had been thoroughly washed, a hole-transporting material, and a purified Alq 
as an electron-transporting light-emitting material were charged in an evaporating apparatus. The evaporating appa- 
ratus was then evacuated to 10* 6 torr. The hole-transporting layer was then evaporated onto the glass substrate at a 

so rate of 0. 1 nm/sec. to a thickness of 50 nm. The evaporation of the Alq onto the hole-transporting layer thus deposited 
was effected at the same rate as above. The film thickness was 50 nm. The evaporation of the Mg/Ag electrode was 
effected at a rate of 0.4 nm/sec. The film thickness was 100 nm. The sequential evaporation processes were contin- 
uously effected without interrupting vacuum. The film thickness was monitored by means of a quartz crystal oscillator. 
Immediately after the preparation of the device, the electrode was taken out in dried nitrogen. Subsequently, the device 

55 was measured for properties. 

The luminescence of the device thus obtained is defined as the luminance of light emitted by the application of 
100 mA/cm 2 . For the evaluation of the luminescence stability, the change in the luminance of light emitted by the 
continuous application of current giving light of 200 cd/m 2 is measured. The luminescent life is defined as the time 
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required until the luminance is halved to 100 cd/m 2 . The storage stability of the device is defined as the time required 
until the luminance of light emitted by the application of current of 20 mA/cm 2 to the device which has been allowed 
to stand at room temperature in dried air for a predetermined period of time is reduced to half of the initial luminance. 

While an Alq was used as an electron -transporting/light-emitting layer 4 for the evaluation of the hole-transporting 
5 material of the present invention, various materials such as rare earth complexes, oxazole derivatives and pol-p-phe- 
nylene vinylenes may be used as a material for a light-emitting layer. An organic EL device with even higher perform- 
ances can be prepared by incorporating dopants such as quinacridone and coumarin in the light-emitting layer. Alter- 
natively, an organic EL device comprising an electron-transporting layer, a light-emitting layer and a hole-transporting 
layer may be prepared. Also, the hole-transporting material of the present invention can be combined with a proper 
io electron-transporting material to use the hole-transporting layer also as a light-emitting layer. 

Examples of the substrate include a glass. Examples of the electrode to be formed on a substrate include an ITO. 
Examples of the electron transporting material include Alq, triazole and oxadiazole. Examples of the electrode to be 
formed on the electron-transporting layer include Mg/Ag, Al and Al/Li. 

The thickness of the electrode is preferably from 100 to 200 nm. The thickness of the hole-transporting layer, 
15 electron -transporting layer and light-emitting layer each is preferably from 10 to 200 nm. 

Hole-transporting materials of the present invention can be used singly or in admixture. In the latter case, two or 
more hole-transporting materials may be vacuum-evaporated at the same time. Alternatively, a hole-transporting ma- 
terial of the present invention may be vacuum-evaporated together with conventional hole-transporting materials such 
as TPAC and TPD. If two or more hole-transporting materials are vacuum-evaporated at the same time, it exerts an 
20 effect of inhibiting the crystallization of the hole-transporting layer. 

Next, the organic EL devices according to the present invention will be described in detail in reference to the device 
examples. 

DEVICE EXAMPLE 1 

25 

A glass substrate having an ITO electrode formed thereon which had been thoroughly washed, an amine compound 
• of formula (I) wherein is p-n-Bu, R 12 is H, and R 13 is H having a melting point of 1 32.9 °C (hereinafter Compound 
(1 )) as a hole-transporting material, and a purified Alq as an electron-transporting light-emitting material were charged 
in an evaporating apparatus. Compound (1) was then evaporated onto the ITO electrode at a rate of 0.1 nm/sec. to a 

30 thickness of 50 nm. The film thickness was monitored by means of a quartz crystal oscillator. The evaporation of the 
Alq onto the hole-transporting layer thus deposited was effected at the same rate as above. The film thickness was 50 
nm. The evaporation of the Mg/Ag electrode was effected at a rate of 0.4 nm/sec. The film thickness was 100 nm. The 
sequential evaporation processes were continuously effected without interrupting vacuum. Immediately after the prep- 
aration of the device, the electrode was taken out in dried nitrogen. Subsequently, the device was measured for prop- 

35 erties. As a result, the product exhibited a luminescence of 2,500 cd/m 2 , a luminescent life of 620 hours and a storage 
stability of 2,200 hours. 

For comparison, EL devices were prepared in the same manner as above except that TPD and TPAC were used 
as hole-transporting materials, respectively. These EL devices were then examined for properties. As a result, the EL 
device prepared from TPD exhibited a luminescence of 2,200 cd/m 2 , a luminescent life of 220 hours and a storage 
40 stability of 460 hours. On the other hand, the EL device prepared from TPAC exhibited a luminescence of 2,500 cd/ 
m 2 , a luminescent life of 280 hours and a storage stability of 560 hours. This shows that Compound (1) of the present 
invention can provide a long luminescent life and an excellent storage stability. 

DEVICE EXAMPLE 2 

45 

EL devices were prepared and evaluated in the same manner as in Device Example 1 except that the following 
compounds of formula (I) were used as hole-transporting materials, respectively. 



50 
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Compound No. 


Formula (I) 




R 12 


R 13 


(2) 


i-Bu 


! H 


H 


(3) 


i-Bu 


H 


CH 3 


(4) 


t-Bu 


H 


H 


(5) 


t-Bu 


t-Bu 


H 


(6) 


C 6 H 5 


H 


H 


(7) 


C 6 H 5 


C 6 H 5 


H 
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(continued) 



5 



Compound No. 


Formula (I) 




R 12 


R 13 


! (8) 


C 6 H 5 


C 6 H 5 


CH 3 


(9) 


p-CH 3 -C 6 H 4 


H 


OCH 3 


(10) 


p-CH 3 -C 6 H 4 


p-CH3-CgH 4 


H 



The results are set forth in Table 3. In Compounds (2) to (10), and R 12 are all on p-positions (4-positions). This 
shows that Compounds (2) to (10) of formula (I) can provide a long luminescent life and an excellent storage stability. 

DEVICE EXAMPLE 3 

EL devices were prepared and evaluated in the same manner as in Device Example 1 except that the following 
compounds of formula (II) were used as hole-transporting materials, respectively. 



25 



Compound No. 


Formula (II) 


R21 


R 22 


R 23 


R 24 


*i 


R 25 


(11) 


H 


H 


H 


H 


(a1) 




(12) 


H 


H 


H 


H 


(b1) 




(13) 


H 


H 


H 


H 


(C1) 


H 


(14) 


H 


H 


! H 


CH 3 


(01) 


CH 3 


- (15) 


" H 


H 


1 H 


H 


(d1) 




(16) 


H 


H 


! H 


CH 3 


(d1) 




(17) 


H 


3-OCH3 


3-OCH3 


OCH3 


(e1)* 




(18) 


H 


4-t-Bu 


H 


CI 


(f1) 




(19) 


4-OC 2 H 5 


H 


H 


H 


(91) 




(20) 


H 


4-n-Pr 


4-n-Pr 


H 


(hi) 





*) bonding position: 1 , 4-positions 



The results are set forth in Table 4. This shows that Compounds (11) to (20) of formula (II) can provide a long 
luminescent life and an excellent storage stability 

DEVICE EXAMPLE 4 

Organic EL devices were prepared and evaluated in the same manner as in Device Example 1 except that the 
following compounds of formula (III) were used as hole-transporting materials. 
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Compound No. 


Formula (III) 


R 31 


R 32 


R 33 


R 34 


As 


(21) 


H 


H 


H 


H 


01) 


(22) 


H 


4-CH3 


4-CH3 


H 


01) 


(23) 


4-t-Bu 


4-t-Bu 


H 


H 


OD 


(24) 


H 


4-CH3 


4-OCH3 


H 


(k1) 


(25) 


4-CH 3 


H 


4-n-Bu 


H 


(k1) 


(26) 


H 


H 


H 


H 


(11) 


(27) 


4-t-Bu 


4-t-Bu 


4-t-Bu 


H 


(11) 


(28) 


H 


4-t-Bu 


4-t-Bu 


H 


(ml) 


(29) 


4-C 6 H 5 


4-CH3 


4-CH3 


H 


(n1) 


(30) 


H 


4-OCH3 


H 


CI 


(n1) 



The obtained results are shown in Table 5. This shows that Compounds (21) to (30) of formula (III) can provide a 
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long luminescent life and an excellent storage stability. 
DEVICE EXAMPLE 5 

s Organic EL devices were prepared and evaluated in the same manner as in Device Example 1 except that the 

following compounds of formula (IV) were used as hole-transporting materials. 



Compound No. 


Formula (IV) 


R 41 


R42 


R43 


A3 


R44 


(31) 


H 


H 


H 


(a2) 




(32) 


H 


H 


H 


(b2) 




(33) 


H 


H 


CI 


(b2) 




(34) 


H 


H 


H 


(c2) 


H 


(35) 


4-t-Bu 


4-t-Bu 


H 


(c2) 


H 


(36) 


4-t-Bu 


4-t-Bu 


H 


(d2) 




(37) 


4-C 6 H 5 


4-C 6 H 5 


H 


(e2) 




(38) 


4-(p-CH 3 -C 6 H 4 ) 


4-(p-CH 3 -C 6 H 4 ) 


H 


(f2) 




(39) 


4-OCH 3 


4-OCH 3 


H 


(92) 




(40) 


H 


H 


CI 


(h2) 




(41) 


4-CH 3 


4-CH 3 


H 


(i2) 





The results are set forth in Table 6. This shows that Compounds (31) to (41) of formula (IV) provide a long lumi- 
nescent life and an excellent storage stability. 

DEVICE EXAMPLE 6 

Organic EL devices were prepared and evaluated in the same manner as in Device Example 1 except that the 
following compounds of formula (V) were used as hole-transporting materials. 



Compound No. 


Formula (V) 


R51 


R52 




A4 


(42) 


H 


H 


H 


<J2) 


(43) 


H 


H 


H 


(k2) 


(44) 


H 


H 


OCH3 


(k2) 


(45) 


4-t-Bu 


4-t-Bu 


H 


(k2) 


(46) 


H 


H 


H 


(12) 


(47) 


4-CH 3 


4-CH 3 


H 


(12) 


(48) 


H 


4-C 6 H 5 


H 


(12) 


(49) 


4-CH3 


4-C 6 H 5 


H 


(m2) 


(50) 


3-CH3 


H 


CI 


(m2) 


(51) 


4-CH3 


3-CH3 


H 


(n2) 


(52) 


3-t-Bu 


3-OCH3 


H 


(n2) 



The obtained results are shown in Table 7. This shows that the amine compounds (42) to (52) of the present 
invention can provide a long luminescent life and an excellent storage stability. 

DEVICE EXAMPLE 7 

EL devices were prepared and evaluated in the same manner as in Device Example 1 except that the following 
compounds of formula (VI) were used as hole-transporting materials, respectively. 
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10 



Compound No. 


Formula (VI) 




R 62 




(53) 


H 


H 


H 


(54) 


4-CH 3 


4-CH3 


H 


(55) 


H 


H 


CH 3 


(56) 


4-CH 3 


4-CH3 


CH 3 


(57) 


4-t-Bu 


4-t-Bu 


H 


(58) 


4-t-Bu 


4-t-Bu 


CH 3 


(59) 


4-i-Bu 


4-i-Bu 


H 


(60) 




3-CeH 5 


H 


(61) 


4-(p-CH 3 -C 6 H 4 ) 


4-(p-CH 3 -C 6 H 4 ) 


OCH3 


(62) 


4-OCH 3 


4-OCH3 


H 


(63) 


4-CH3 


4-CH 3 


CI 



The results are set forth in Table 8. This shows that Compounds (53) to (63) of formula (VI) can provide a long 
luminescent life and an excellent storage stability. 



Table 3 



Compound No. 


Luminescence 


Luminescent life 


Storage stability 


(cd/m 2 ) 


(Hr) 


(Hr) 


(2) 


3,200 


560 


1,400 


(3) 


2,800 


670 


1,600 


(4) 


4,100 


650 


1,100 


(5) 


2,500 


700 


2,100 


(6) 


3,700 


460 


1,800 


(7) 


2,000 


600 


2,200 


(8) 


3,200 


450 


1,900 


(9) 


4,000 


590 


1,700 


(10) 


3,600 


570 


2,200 



Table 4 



Compound No. 


Luminescence 


Luminescent life 


Storage stability 


(cd/m 2 ) 


(Hr) 


(Hr) 


(11) 


3,400 


760 


3,900 


(12) 


2,800 


490 


2,200 


(13) 


2,700 


550 


2,000 


(14) 


3,000 


450 


2,400 


(15) 


2,000 


520 


1,800 


(16) 


1,900 


750 


1,200 


(17) 


2,700 


490 


3,900 


(18) 


2,800 


480 


2,200 


(19) 


2,300 


410 


2,100 


(20) 


3,300 


580 


2,200 
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Table 5 



oompouno ino. 


1 nminoc/^onro 


Luminescent Hie 


oiorage siaoniiy 




(cd/m 2 ) 


(Hr) 


(Hr) 


(21) 


3,100 


580 


2,100 


(22) 


2,700 


660 


3,500 


(23) I 


1,950 


590 


3,700 


(24) 


2,200 


790 


3.000 


(25) 


2,500 


630 


4,300 


(26) 


2,600 


670 


2,600 


(27) 


2,050 


850 


2,900 


(28) 


2,800 


680 


4,200 


(29) 


2.450 


900 


3,400 


(30) 


1,900 


690 


4,100 


Table 6 


Compound No. 


Luminescence 


Luminescent life 


Storage stability 




(cd/m 2 ) 


(Hr) 


(Hr) 


(31) 


1,400 


700 


2,100 


(32) 


1,200 


570 


2.050 


(33) 


2,000 


680 


2,600 


(34) 


2,600 


1050 


3,500 


(35) 


2,150 


1,100 


2,900 


(36) 


2,100 . 


620 


3,200 


(37) 


2,300 


510 


2,400 


(38) 


1,550 


480 


2,200 


(39) 


1,700 


490 


2,500 


(40) 


2,150 


570 


2.100 


(41) 


2,200 


560 


2,800 


Table 7 


Compound No. 


Luminescence 


Luminescent life 


Storage stability 




(cd/m 2 ) 


(Hr) 


(Hr) 


(42) 


2,200 


700 


3,000 


(43) 


2,000 


650 


3,000 


(44) 


1,900 


600 


2.850 


(45) 


2,150 


550 


3,200 


(46) 


2,500 


790 


2,800 


(47) 


2,350 


590 


2.500 


(48) 


2,400 


620 


3,600 


(49) 


2,550 


740 


4.900 


(50) 


2,770 


650 


3,750 


(51) 


2,250 


830 


4,100 


(52) 


2,400 


790 


3.800 
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Table 8 



Compound No. 


Luminescence 


Luminescent life 


Storage stability 


(CQ/IT1 J 


/I 1 -V 

(Hr) 


(Hr) 


(53) 


1,500 


950 


2,700 


(54) 


1,800 


560 


2,900 ! 




fOU 


4/U 


4,200 


(56) 


2,100 


750 


3,100 


(57) 


2,800 


640 


3,300 


(58) 


1,400 


760 


2,800 


(59) 


1,700 


650 


2,500 


(60) 


2,200 


520 


2,100 


(61) 


2,100 


690 


2,800 


(62) 


1,300 


500 


2,000 


(63) 


1,500 


700 


2,450 



DEVICE EXAMPLE 8 

An EL device was prepared in the same manner as in Device Example 1 except that Compound (13) of formula 

(II) (wherein R 21 is H, is H, R 23 is H, R 24 is H, R 25 is H, and A, = (d) ) and Compound (4) of formula (I) (wherein 
R^ is 4-t-Bu, R 12 is H, and R 13 is H) were vacuum-evaporated as hole-transporting materials at the same time. The 
EL device thus prepared was then evaluated for properties. It exhibited a luminescence of 3,300 cdAn 2 a luminescent 
life of 720 hours and a storage stability of 2,900 hours. The results show that the hole-transporting layer formed by the 
simultaneous vacuum evaporation of Compound (13) and Compound (4) can provide a long luminescent life and an 
excellent luminescence stability. 

DEVICE EXAMPLE 9 

An EL device was prepared in the same manner as in Device Example 1 except that Compound (21) of formula 

(III) (wherein R 31 is H, R 32 is H, R 33 is H, R^ is H, and Ag is (j1)) and Compound (46) of formula (V) (wherein R 51 is 
H, R 52 is H, R^ is H, and A4 is (12)) were vacuum-evaporated as hole-transporting materials at the same time. The 
EL device thus prepared was then evaluated for properties. It exhibited a luminescence of 2,430 cd/m 2 , a luminescent 
life of 1110 hours and a storage stability of 4,800 hours. The results show that the hole-transporting layer formed by 
the simultaneous vacuum evaporation of Compound (21 ) of formula (III) and Compound (46) of formula (V) can provide 
a long luminescent life and an excellent luminescence stability. 

DEVICE EXAMPLE 10 

An EL device was prepared in the same manner as in Device Example 1 except that Compound (13) of formula 
(II) (wherein R 21 is H, R^ is H, R 23 is H, R 24 is H, R 25 is H, and A, is (d)) was used as a hole-transporting material 
and purified triazole was used as an electron-transporting material. The EL device thus prepared was then evaluated 
for properties. In this case, since triazole exhibits high hole blocking properties, the hole-transporting material was 
observed to emit blue light. The EL device thus obtained exhibited a luminescence of 200 cd/m 2 , a luminescent life of 
300 hours and a storage stability of 2,700 hours. For comparison, another EL device was prepared in the same manner 
as above except that TPD was used as a hole-transporting material. The EL device thus obtained was examined for 
properties. The EL device prepared from TPD exhibited a luminescence of 100 cd/m 2 , a luminescent life of 110 hours 
and a storage stability of 41 0 hours. The results show that Compound (1 3) of formula (II) can provide a long luminescent 
life and an excellent luminescence stability 

As mentioned above, the electro-luminescence device of the present invention comprises a compound according 
to the present invention as a hole-transporting layer to provide drastic improvements in luminescence stability and 
storage stability as compared with the conventional organic EL devices which find greatest difficulty in these properties. 
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Claims 

1 . A compound, represented by any one of the following formulae (II) to (V): 




(ii) 



wherein R 2 i, R22 ancJ ^23 ma y 06 tne same or different and each represent a hydrogen atom, a C 1-4 alky! group, 
aC M alkoxy group, an unsubstituted phenyl group, or a phenyl group having aC H alkyl group or a C,^ alkoxy 
group as a substituent(s); R 24 represents a hydrogen atom, a C 1 ^ 4 alkyl group, a C,^ alkoxy group or a chlorine 
atom; and A A represents a group represented by any one of the following structural formulae (a1) to (i1); 
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(III) 



wherein R 31 , R 32 and R33 may be the same or different and each represent a hydrogen atom, aC 14 alkyl group, 
or a alkoxy group, an unsubstituted phenyl group, or a phenyl group having a alkyl group or a alkoxy 
group as a substituent(s); R34 represents a hydrogen atom, aC M alkyl group, aC H alkoxy group or a chlorine 
atom; and A 2 represents a group represented by any one of the following formulae (jt) to (n1): 
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(IV) 



wherein R 41 and R 42 may be the same or different and each represent a hydrogen atom, aC M alkyl group, or a 
C.,_4 alkoxy group, an unsubstituted phenyl group, or a phenyl group having a C-,^ alkyl group or a C,^ alkoxy 
group as a substituent(s); R 43 represents a hydrogen atom, aC w alkyl group, a C-,. 4 alkoxy group or a chlorine 
atom; and A 3 represents a group represented by any one of the following structural formulae (a2) to (i2); 
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wherein R 51 and R 52 may be the same or different and each represent a hydrogen atom, aC M alkyl group, or a 
C v4 alkoxy group, an unsubstituted phenyl group or a phenyl group having a C,^ alkyl group or a C 1w ^ alkoxy 
group as a substituent(s); R 53 represents a hydrogen atom, a O,^ alkyl group, a O,^ alkoxy group or a chlorine 
atom; and A4 represents a group represented by any one of the following structural formulae (j2) to (n2): 




EP 0 650 955 B1 




N-C-N 
H H 




<n2) 



An electro-luminescence device, comprising at least one of the compounds represented by formulae (II) to (V) 
according to claim 1 or by formulae (I) and (VI) below: 




(VI) 



wherein and R 62 may be the same or different and each represent a hydrogen atom, aC M alkyl group, or a 
alkoxy group, an unsubstituted phenyl group, or a phenyl group having a C 1h4 alkyl group or a C 1-4 alkoxy 
group as a substituent(s); and represents a hydrogen atom, a alkyl group, a alkoxy group or a chlorine 
atom, or 




(i) 



wherein R^ and R 12 may be the same or different and each represent a hydrogen atom, aC H alkyl group, aC H 
alkoxy group, a phenyl group, or a phenyl group having a C-,^ alkyl group oraC 14 alkoxy group as a substituent 
(s), with the proviso that at least one of R^ and R 12 is a normal butyl group, an isobutyl group, a secondary butyl 
group, a tertiary butyl group, a phenyl group, or a phenyl group having aC M alkyl group or a C 1-4 alkoxy group; 
and R 13 represents a hydrogen atom, aC M alkyl group, aC 14 alkoxy group or a chlorine atom. 

The electro-luminescence device according to Claim 2, having an electrode, a hole-transporting layer, a light- 
emitting layer, an electron-transporting layer and an electrode laminated in sequence on a substrate. 
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4. The electro-luminescence device according to Claim 3, wherein said hole-transporting layer comprises at least 
two selected from the group consisting of the compounds represented by formulae (I) to (VI). 

5. The electro-luminescence device according to Claim 3, wherein said electron -transporting layer also serves as a 
light-emitting layer 

6. The electro-luminescence device according to Claim 3, wherein said hole-transporting layer also serves as a light- 
emitting layer. 

Patentanspruche 

1. Verbindung gemass mindestens einer der folgenden Formeln (II) bis (V): 




(ID 



worin R 21 , R22 und R 23 'dentisch oder voneinander verschieden sein konnen und jeweils ein Wasserstoffatom, 
eine C^-Alkylgruppe, eine C^-Alkoxygruppe, eine unsubstituierte Phenylgruppe oder eine Phenylgruppe mit 
einer C-,. 4 -Alkylgruppe oder einer C-^-Alkoxygruppe als Substituent(en) reprasentieren; R 24 reprasentiert ein 
Wasserstoffatom, eine C^-Alkylgruppe, eine C^-Alkoxygruppe oder ein Chloratom; und reprasentiert eine 
Gruppe, die durch eine beliebige der folgenden Strukturformeln (a1) bis (i1) reprasentiert wird; 
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5 



10 



15 



20 



25 



30 



35 



40 



45 



50 




worin F^s e ' n Wasserstoffatom, eine C^-Alkylgruppe, eine C^-Alkoxygruppe Oder ein Chloratom reprasentiert, 

55 
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(III) 



worin R 31 , R 32 und R33 identisch oder voneinander verschieden sein konnen und jeweils ein Wasserstoffatom, 
eine C^-Alkylgruppe, eine C-j^-Alkoxygruppe, eine unsubstituierte Phenylgruppe oder eine Phenylgruppe mit 
einer C-^-Alkylgruppe oder einer C^-Alkoxygruppe als Substituent(en) reprasentieren; reprasentiert ein 
Wasserstoffatom, eine C^-Alkylgruppe, eine C^-Alkoxygruppe oder ein Chloratom; und PKn> reprasentiert eine 
Gruppe, die durch eine beliebige der folgenden Strukturformeln (j1) bis (n1) reprasentiert wird: 
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(IV) 



worin R 41 und R 42 identisch oder voneinander verschieden sein konnen und jeweils ein Wasserstoffatom, sine 
C^-Alkylgruppe, eine C^-Alkoxygruppe, eine unsubstituierte Phenylgruppe oder eine Phenylgruppe mit einer 
C^-Alkylgruppe oder einer C^-Alkoxygruppe als Substituent(en) reprasentieren; R43 reprasentiert ein Wasser- 
stoffatom, eine C^-Alkylgruppe, eine C^-Alkoxygruppe oder ein Chloratom; und A 3 reprasentiert eine Gruppe, 
die durch eine beliebige der folgenden Strukturformeln (a2) bis (i2) reprasentiert wird: 
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5 



10 



15 



20 



25 



30 



35 



40 



45 




50 worin R44 ein Wasserstoffatom, eine C^-Alkylgruppe, eine C^-Alkoxygruppe oder ein Chloratom reprasentiert, 
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worin R 51 und R 52 identisch oder voneinander verschjeden sein konnen und jeweils ein Wasserstoffatom, eine 
C^-Alkylgruppe, eine C-^-Alkoxygruppe, eine unsubstituierte Phenylgruppe oder eine Phenylgruppe mit einer. 
C^-Alkylgruppe oder einer C^-Alkoxygruppe als Substituent(en) reprasentieren; reprasentiert ein Wasser- 
stoffatom, eine C^-Alkylgruppe, eine C^-Alkoxygruppe Oder ein Chloratom; und A4 reprasentiert eine Gruppe, 
die durch eine beliebige der folgenden Strukturformeln 02) bis (n2) reprasentiert wird: 
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Elektrolumineszenzvorrichtung, die mindestens eine der durch die Formeln (II) bis (V) gemass Anspruch 1 oder 
durch die unten angegebenen Formeln (I) und (VI) reprasentierte Verbindung umfasst: 




(VI) 



worin R 61 und R 62 identisch oder voneinander verschieden sein konnen und jeweils ein Wasserstoffatom, eine 
0-,^-Alkylgruppe, eine C-^-Alkoxygruppe, eine unsubstituierte Phenylgruppe oder eine Phenylgruppe mit einer 
C^-Alkylgruppe oder einer C-,. 4 -Alkoxygruppe als Substituent(en) reprasentieren; und R^ reprasentiert ein Was- 
serstoffatom, eine C^-Alkylgruppe, eine C^-Alkoxygruppe oder ein Chloratom, oder 




worin und R 12 identisch oder voneinander verschieden sein konnen und jeweils ein Wasserstoffatom, eine 
C^-Alkylgruppe, eine C^-Alkoxygruppe, eine Phenylgruppe oder eine Phenylgruppe mit einer C^-Alkylgruppe 
oder einer C^-Alkoxygruppe als Substttuent(en) reprasentieren, mit der Massgabe, dass mindestens eines von 
R n und R 12 eine n-Butylgruppe, eine i-Butylgruppe, eine sek-Butylgruppe, eine t-Butylgruppe, eine Phenylgruppe 
oder eine Phenylgruppe mit einer C^-Alkylgruppe oder einer C 1 ^-Alkoxygruppe ist; und R 13 reprasentiert ein 
Wasserstoffatom, eine C^-Alkylgruppe, eine C-j^-Alkoxygruppe oder ein Chloratom. 

Elektrolumineszenzvorrichtung gemass Anspruch 2, die eine Elektrode, eine lochertransportierende Schicht, eine 
lichtemittierende Schicht, eine elektronentransportierende Schicht und eine Elektrode in Reihe auf einem Substrat 
auflaminiert aufweist. 

Elektrolumineszenzvorrichtung gemass Anspruch 3, worin die lochertransportierende Schicht mindestens zwei 
Verbindungen, ausgewahlt aus den Verbindungen der Formeln (I) bis (VI), umfasst. 

Elektrolumineszenzvorrichtung gemass Anspruch 3, worin die elektronentransportierende Schicht auch als lich- 
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temittierende Schicht dient. 

6. Elektrolumineszenzvorrichtung gemass Anspruch 3, worin die Idchertransportierende Schicht auch als lichtemit 
tierende Schicht dient. 



Revendications 

1. Compost repr6sente par Tune quelconque des formules (II) a (V) suivantes : 



15 



20 




(ID 



.25 .... 

dans laquelle R 21 , R22 et ^23 peuvent §tre identiques ou differents et repr6sentent chacun un atome d'hydrogene, 
un groupe alkyle en C 1 a C 4> un groupe alcoxy en C-, a C 4> un groupe ph6nyle non substitu6, ou un groupe phenyle 
portant comme substituant(s) un groupe alkyle en C 1 a C 4 ou un groupe alcoxy en C n a C 4 ; R 24 represente un 
30 atome d'hydrogene, un groupe alkyle en 0^ a C 4 , un groupe alcoxy en C n a C 4 ou un atome de chlore ; et 

repr6sente un groupe repr6sente par Tune quelconque des formules d6velopp6es (a1) a (il) suivantes : 



35 



40 



45 




(al) 



(bl) 



(cl) 
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dans lesquelles Rgs repr6sente un atome d'hydrogene, un groupe alkyle en C 1 a C 4 , un groupe alcoxy en C 1 a C 4 
ou un atome de chlore : 




(III) 



dans laquelle R 31 , R 32 et R33 peuvent etre identiques ou differents et repr6sentent chacun un atome d'hydrogene, 
un groupe alkyle en C 1 a C 4 , un groupe alcoxy en C t a C 4 , un groupe phSnyle non substitu6, ou un groupe phenyle . 
portant comme substituant(s) un groupe alkyle en a C 4 ou un groupe alcoxy en C 1 a C 4 ; repr6sente un 
atome d'hydrogene, un groupe alkyle en C 1 a C 4 , un groupe alcoxy en C 1 a C 4 ou un atome de chlore ; et 
repr6sente un groupe represents par Tune quelconque des formules 01) a (n1) suivantes : 




(jD 



Ikl) 



(11) 



(ml) 



(nl) 
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(IV) 



dans laquelle R 4A et R 42 peuvent etre identiques ou differents et represented chacun un atome d'hydrogene, un 
groupe alkyle en a C 4 , un groupe alcoxy en a C 4 , un groupe phenyle non substitue, ou un groupe phenyle 
portant comme substltuant(s) un groupe alkyle en C 1 a C 4 ou un groupe alcoxy en C 1 a C 4 ; R 43 represente un 
atome d'hydrogene, un groupe alkyle en a C 4> un groupe alcoxy en C t a C 4 ou un atome de chlore ; et A 3 
represente un groupe repr6sent6 par I'une quelconque des formules developp6es (a2) a (i2) suivantes : 
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45 

dans lesquelles repr6sente un atome d'hydrog&ne, un groupe alkyle en C 1 a C 4> un groups alcoxy en C t a C 4 
ou un atome de chlore : 

so 



55 
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dans laquelle R 51 et R 52 peuvent etre identiques ou differents et represented chacun un atome d'hydrogene, un 
groupe alkyle en C, a C 4 , un groupe alcoxy en a C 4 , un groupe phenyle non substitue, ou un groupe phenyle 
portant comme substituant(s) un groupe alkyle en C, a C 4 ou un groupe alcoxy en C, a C 4 ; Rgg repr6sente un 
atome d'hydrog&ne, un groupe alkyle en C, a C 4 , un groupe alcoxy en a C 4 ou un atome de chlore ; et 
repr6sente un groupe repr6sent6 par I'une quelconque des formules developpees (j2) a (n2) suivantes : 




<j2) 



(k2) 



(12) 



(m2) 
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10 2. Dispositif Electroluminescent, comprenant au moins Tun des composes repr6sentes par les formules (II) a (V) 
selon la revendication 1 ou par les formules (I) et (VI) ci-dessous : 
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(VI) 



dans laquelle R 61 et R 62 peuvent etre identiques ou diff6rents et represented chacun un atome d'hydrogene, un 
groupe alkyle en C 1 a C 4 , un groupe alcoxy en C 1 a C 4 , un groupe phenyle non substitue, ou un groupe pheYiyle 
portant comme substituant(s) un groupe alkyle en C 1 a C 4 ou un groupe alcoxy en a C 4 ; et R 63 repr6sente un 
atome d'hydrogene, un groupe alkyle en a C 4 , un groupe alcoxy en C 1 a C 4 ou un atome de chlore ; ou 



45 



so 




(I) 



dans laquelle R n et R 12 peuvent §tre identiques ou differents et represented chacun un atome d'hydrogene, un 
groupe alkyle en C 1 a C 4 , un groupe alcoxy C 1 a C 4 , un groupe ph6nyle, ou un groupe phenyle portant comme 
55 substituant(s) un groupe alkyle a C 4 ou un groupe alcoxy C 1 a C 4 , avec pour condition qu'au moins I'un de R n 

et R 12 est un groupe n-butyle, un groupe isobutyle, un groupe sec-butyle, un groupe tert-butyle, un groupe phenyle, 
ou un groupe pheYiyle portant un groupe alkyle en C, a C 4 ou un groupe alcoxy en C 1 a C 4 ; et R 13 repr6sente un 
atome d'hydrogene, un groupe alkyle C, a C 4 , un groupe alcoxy C t a C 4 ou un atome de chlore. 
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3. Dlspositif Electroluminescent selon la revendication 2, avant une electrode, une couche transporteuse de trous, 
une couche emettrice de lumiere, une couche transporteuse d'electrons et une electrode, stratifies en sequence 
sur un substrat. 

4. Dispositif electroluminescent selon la revendication 3, dans lequel ladite couche transporteuse de trous comprend 
au moins deux composes choisis dans I'ensemble constituE par les composes reprEsentEs par ies formules (I) a 
(VI). 

5. Dispositif Electroluminescent selon la revendication 3, dans lequel ladite couche transporteuse d'Electrons sen 
aussi de couche emettrice de lumiere. 

6. Dispositif electroluminescent selon la revendication 3, dans lequel ladite couche transporteuse de trous sert aussi 
de couche Emettrice de lumiere. 



88 



EP 0 650 955 B1 




89 



EP 0 650 955 B1 




90 



EP 0 650 955 B1 




91 



EP 0 650 955 B1 




92 




93 



EP 0 650 955 B1 




94 



EP 0 650 955 B1 




95 



EP 0 650 955 B1 




96 



EP 0 650 955 B1 




97 



EP 0 650 955 B1 




98 



